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(54) CPP STRUCTURAL SPIN VALVE HEAD 



(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a CPP structural spin valve head, by 
which the large resistance variation is surely obtainable by the small 
number of laminated layers. 

SOLUTION: In the CPP structural spin valve head 36, a sense current goes 
through an insulated layer 54. The movement of electron across the 
insulated layer 54 is supposed to be realized by the operation of the 
minute defect, i.e. ,.a pin hole formed on the insulated layer 54. The 
current is concentrated to the pin hole. Thus, in such spin valve head 
36, the large resistance variation is realized in accordance with the 
inversion of the magnetizing direction established in a ferromagnetic 
layer 56 at the free side, similarly in the case the passing cross 
sectional surface of the current is reduced. This sort of the CPP 
structural spin valve head 36 remarkably contributes to the further 
increase of density of the magnetic recording. In this spin valve head 



36, the resistance value is reduced as compared to that of a so-called 
tunnel junction magneto- resistance effect element. The generation of 
thermal noise is suppressed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The CPP structure spin valve head characterized by having a 
freedom side ferromagnetism layer, the nonmagnetic interlayer who 
contacts a freedom side ferromagnetism layer in the 1st interface, the 
fixed side ferromagnetism layer which contacts a nonmagnetic interlayer 
in the 2nd interface, and the insulating layer separated from a 
nonmagnetic interlayer in a fixed side ferromagnetism layer. 
[Claim 2] It is the CPP structure spin valve head characterized by 
including the compound with which said insulating layer consists of at 
least two kinds of elements in a CPP structure spin valve head according 
to claim 1. 

[Claim 3] It is the CPP structure spin valve head characterized by said 
compound being oxide in a CPP structure spin valve head according to 



claim 2. 

[Claim 4] It is the CPP structure spin valve head characterized by 
putting said insulating layer in one pair of fixed side ferromagnetism 
layers in a CPP structure spin valve head according to claim 1. 
[Claim 5] The CPP structure spin valve head characterized by having a 
freedom side ferromagnetism layer, the nonmagnetic interlayer who 
contacts a freedom side ferromagnetism layer in the 1st interface, the 
fixed side ferromagnetism layer which contacts a nonmagnetic interlayer 
in the 2nd interface, and the insulating layer separated from a 
nonmagnetic interlayer in a freedom side ferromagnetism layer. 
[Claim 6] It is the CPP structure spin valve head characterized by 
including the compound with which said insulating layer consists of at 
least two kinds of elements in a CPP structure spin valve head according 
to claim 5. 

[Claim 7] It is the CPP structure spin valve head characterized by said 
compound being oxide in a CPP structure spin valve head according to 
claim 6. 

[Claim 8] It is the CPP structure spin valve head characterized by 
putting said insulating layer in a freedom side [ one pair ] 
ferromagnetism layer in a CPP structure spin valve head according to 
claim 5, 

[Claim 9] The CPP structure spin valve head characterized by having 
further the insulating layer separated from said nonmagnetic middle 
class in said fixed side ferromagnetism layer in a CPP structure spin 
valve head according to claim 5. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the CPP (current 
perpendicular-to-the-plane) structure spin valve head which circulates a 
sense current along the direction of a vertical of the 1st and 2nd 
interfaces especially within such spin bulb film about the spin bulb 
film equipped with a freedom side ferromagnetism layer, the nonmagnetic 
middle class who contacts a freedom side ferromagnetism layer in the 1st 
interface, and the fixed side ferromagnetism layer which contacts the 
nonmagnetic middle class in the 2nd interface. 



[0002] 

[Description of the Prior Art] With a CPP structure magneto-resistive 
effect head, the more the number of laminatings of the GMR (giant 
magneto-resistance) film by which a laminating is carried out increases, 
the more big resistance variation is obtained. As everyone knows, if 
resistance variation is large, the magnetic information on binary can be 
correctly read with the sense current of a small current value. The 
especially big resistance variation irrespective of contraction of core 
width of face with such CPP structure magneto-resistive effect heads is 
maintainable. It is thought that a CPP structure magneto-resistive 
effect head greatly contributes to much more densif ication of magnetic 
recording. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if the laminating of 
many GMR film is carried out in this way, even if a recording track 
consistency can improve with contraction of core width of face, the 
improvement in linear density, i.e., shortening of bit length, will be 
barred. The densif ication of magnetic recording cannot be attained as 
expected. And it is difficult to control the magnetic domain of a 
freedom side ferromagnetism layer by such CPP structure magneto- 
resistive effect heads. 

[0004] This invention was made in view of the above-mentioned actual 
condition, and aims at offering the CPP structure spin valve head which 
can obtain certainly big resistance variation with the small number of 
laminatings. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, according to the 1st invention, the CPP structure spin valve 
head characterized by having a freedom side ferromagnetism layer, the 
nonmagnetic interlayer who contacts a freedom side ferromagnetism layer 
in the 1st interface, the fixed side ferromagnetism layer which contacts 
a nonmagnetic interlayer in the 2nd interface, and the insulating layer 
separated from a nonmagnetic interlayer in a fixed side ferromagnetism 
layer is offered. 

[0006] Moreover, according to the 2nd invention, the CPP structure spin 
valve head characterized by having a freedom side ferromagnetism layer, 
the nonmagnetic interlayer who contacts a freedom side ferromagnetism 
layer in the 1st interface, the fixed side ferromagnetism layer which 
contacts a nonmagnetic interlayer in the 2nd interface, and the 
insulating layer separated from a nonmagnetic interlayer in a freedom 
side ferromagnetism layer is offered. 



[0007] In such CPP structure spin valve heads, the magnetization 
direction of a freedom side ferromagnetism layer is rotated according to 
the sense of the field which acts from the outside. In this way, 
rotation of the magnetization direction of a freedom side ferromagnetism 
layer changes the electric resistance of a spin valve head a lot. If a 
sense current circulates along the direction of a vertical of the 1st 
interface or the 2nd interface, according to change of electric 
resistance, change (for example, electrical-potential-difference change) 
of level will appear on a sense current. 

[0008] At this time, a sense current runs through an insulating layer in 
a spin valve head. It is thought that migration of the electron over an 
insulating layer is realized by work, the detailed defect, i. e, , the 
pinhole, formed in an insulating layer. A current is concentrated on a 
pinhole. Consequently, in such spin valve heads, big resistance 
variation is realizable like the time of the passage cross section of a 
current being reduced according to reversal of the magnetization 
direction established in a freedom side ferromagnetism layer. Such CPP 
structure spin valve heads can greatly contribute to much more 
densification of magnetic recording. And in such spin valve heads, 
resistance is reduced by the condition about of 1/10 compared with the 
so-called tunnel junction magneto-resistive effect (TMR) component. The 
so-called generating of a thermal noise can be controlled. However, a 
sense current should just be equipped with the direction component of a 
vertical at least. 

[0009] An insulating layer should just contain the compound which 
consists of at least two kinds of elements. Others, a nitride and 
carbide, and boride can be contained in a compound at this time. 
[ oxide ] For example, an insulating layer may be put in one pair of 
fixed side ferromagnetism layers, or a freedom side [ one pair ] 
ferromagnetism layer. If in charge of formation of an insulating layer, 
the deposition of a compound based on the sputtering method may be used, 
for example. In addition, an insulating layer can be formed if reactant 
elements, such as oxygen and nitrogen, are connected to the front face 
of a fixed side ferromagnetism layer or a freedom side ferromagnetism 
layer. 

[0010] Furthermore, according to the 3rd invention, the CPP structure 
spin valve head characterized by having a freedom side ferromagnetism 
layer, the nonmagnetic interlayer who contacts a freedom side 
ferromagnetism layer in the 1st interface, the fixed side ferromagnetism 
layer which contacts a nonmagnetic interlayer in the 2nd interface, the 
1st insulating layer separated from a nonmagnetic interlayer in a fixed 



side ferromagnetism layer, and the 2nd insulating layer separated from a 
nonmagnetic interlayer in a freedom side ferromagnetism layer is offered. 
[0011] According to such CPP structure spin valve heads, a current is 
concentrated on a pinhole by work, the detailed defect, i. e. , the 
pinhole, formed in an insulating layer, like the above-mentioned. 
Consequently, in such spin valve heads, big resistance variation is 
realizable like the time of the passage cross section of a current being 
reduced according to reversal of the magnetization direction established 
in a freedom side ferromagnetism layer. And by this spin valve head, it 
is thought that the so-called speculer dispersion is attained between 
one pair of insulating layers. Consequently, according to the 
magnetization direction established in a freedom side ferromagnetism 
layer, still bigger resistance variation is realizable. 
[0012] In addition, such CPP structure spin valve heads should just be 
used, being included in a magnetic-recording medium driving gear called 
hard disk drive (HDD). 
[0013] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this 
invention is explained, referring to an accompanying drawing. 
[0014] Drawing 1 shows roughly one example of a magnetic-recording 
medium driving gear, i. e. , the internal structure of hard disk drive 
(HDD) 11. This HDDll is equipped with the body 12 of a case of the cube 
type which divides the building envelope of a flat rectangular 
parallelepiped. The magnetic disk 13 of one or more sheets as a record 
medium is held in hold space. The revolving shaft of a spindle motor 14 
is equipped with a magnetic disk 13. A spindle motor 14 can rotate a 
magnetic disk 13 at high speed, such as for example, 7200rpm and 
lOOOOrpm. It is combined with the body 12 of a case, the lid (not shown), 
i. e. , covering, which seals hold space between the bodies 12 of a case. 
[0015] The carriage 16 rocked by the circumference of the pivot 15 
prolonged perpendicularly is further held in hold space. This carriage 
16 is equipped with the swinging arm 17 of the rigid body horizontally 
prolonged from a pivot 15, and the elastic suspension 18 which is 
attached at the tip of this swinging arm 17, and extends ahead from a 
swinging arm 17. As everyone knows, at the tip of the elastic suspension 
18, the cantilevered suspension of the surfacing head slider 19 is 
carried out by work of the so-called girabal spring (not shown). Pressure 
acts on the surfacing head slider 19 from the elastic suspension 18 
toward the front face of a magnetic disk 13. Buoyancy acts on the 
surfacing head slider 19 by work of the air current generated on the 
front face of a magnetic disk 13 based on rotation of a magnetic disk 13. 



The surfacing head slider 19 can continue surfacing with rigidity high 
in comparison during rotation of a magnetic disk 13 in the balance of 
the pressure of the elastic suspension 18, and buoyancy. 
[0016] If carriage 16 rocks by the circumference of a pivot 15 during 
surfacing of such a surfacing head slider 19, the surfacing head slider 
19 can cross the front face of a magnetic disk 13 to radial. Based on 
such migration, the surfacing head slider 19 is positioned in the 
recording track of the request on a magnetic disk 13. At this time, 
rocking of carriage 16 should just be realized through work of an 
actuator 21 called a voice coil motor (VCM). As everyone knows, when the 
magnetic disk 13 of two or more sheets is incorporated in the body 12 of 
a case, two elastic suspensions 18 are carried to one swinging arm 17 
between magnetic-disk 13 adjoining comrades. 

[0017] Drawing 2 shows one example of the surfacing head slider 19. This 
surfacing head slider 19 is aluminum 203 which is joined to the air 
outflow edge of the body 22 of a slider made from aluminum2 03-TiC (Al 
Chick) formed in a flat rectangular parallelepiped, and this body 22 of 
a slider, and builds in the read-out write-in head 23. It has the film 
24 with a built-in head component of make (alumina). It is specified on 
the body 22 of a slider, and the film 24 with a built-in head component, 
the medium opposed face 25, i. e. , the surfacing side, which counters a 
magnetic disk 13. The air current 26 generated based on rotation of a 
magnetic disk 13 is responded to by the surfacing side 25. 
[0018] The rail 27 of two muscles prolonged toward an air outflow edge 
from an airstream ON edge is formed in the surfacing side 25. So-called 
ABS (air bearing surface) 28 is specified in the summit side of each rail 
27. In ABS28, the above-mentioned buoyancy is generated according to 
work of an air current 26. It was embedded on the film 24 with a built- 
in head component, and reads, and the write-in head 23 is exposed by 
ABS28 so that it may be mentioned later. In addition, the gestalt of the 
surfacing head slider 19 is not restricted to such gestalten. 
[0019] Drawing 3 shows the situation of the surfacing side 25 to a 
detail. The read-out write-in head 23 is equipped with the CPP structure 
spin valve-head component 30 which reads binary information based on the 
resistance which changes according to the field which acts from a 
magnetic disk 13, and the induction write-in head component 31 which 
writes binary information in a magnetic disk 13 using the field which 
occurs by the electric conduction coil pattern (not shown). The spin 
valve-head component 30 is formed in the front face of the lower 
shielding layer 32 which consists of ingredients, such as FeN and NiFe. 
The lower shielding layer 32 is aluminum 203 which constitutes the 



bottom half layer of the above-mentioned film 24 with a built-in head 
component. It spreads on the front face of the film (alumina) 33. The 
spin valve-head component 30 is aluminum 203 by which a laminating is 
carried out to the front face of the lower shielding layer 32, It is 
embedded at a non-magnetic layer 34 called the film (alumina). 
[0020] The spin valve-head component 30 is equipped with the bottom 
electrode terminal layer 35 which spreads along the front face of the 
basic layer 32, i. e. , a lower shielding layer. This bottom electrode 
terminal layer 35 should just be formed from conductive metallic 
materials, such as Au and Cu. The laminating of the spin bulb film 36 is 
carried out to the front face of the bottom electrode terminal layer 35. 
The detail of the spin bulb film 36 is mentioned later. 
[0021] This spin bulb film 36 is put between one pair of magnetic-domain 
control film 37 which spreads along the front face of the basic layer 32, 
i.e., a lower shielding layer, similarly. The magnetic-domain control 
film 37 should just consist of CoCrPt(s). This magnetic-domain control 
film 37 can specify the magnetization direction as everyone knows along 
one direction which crosses the spin bulb film 36. By work of this 
magnetic-domain control film 37, single domain-ization of a freedom side 
ferromagnetism layer (freelayer) is realized within the spin bulb film 
36. The spin bulb film 36 and the magnetic-domain control film 37 are 
embedded at the insulating layer 38 by which a laminating is carried out 
to the front face of the bottom electrode terminal layer 35. An 
insulating layer 38 is aluminum 203. The film and Si02 What is necessary 
is just to consist of film. 

[0022] The up shielding layer 39 spreads in the front face of an 
insulating layer 38. Besides, the section shielding layer 39 puts the 
spin bulb film 36 between the lower shielding layers 32. The up 

shielding layer 39 should just consist of NiFe(s). The up shielding 
layer 39 prolonged from the interval of an insulating layer 38 is caught 
by the front face of the spin bulb film 36. That is, the up shielding 
layer 39 which contacts the spin bulb film 36 in this way functions as a 
top electrode terminal layer of the spin valve-head component 30. 
Besides, a sense current can be supplied to the spin bulb film 36 by 
work of the section shielding layer 39 and the bottom electrode terminal 
layer 35. The up shielding layer 39 and the magnetic-domain control film 
37 are mutually isolated by work of an insulating layer 38. 
[0023] The above up shielding layers 39 function on coincidence as a 
lower magnetic pole layer of the induction write-in head component 31. 
That is, the nonmagnetic gap layer 40 is arranged in the front face of 
the up shielding layer 39. The nonmagnetic gap layer 40 should just 



consist of aluminum 203 (alumina). On both sides of this nonmagnetic gap 
layer 40, the up magnetic pole layer 41 faces the up shielding layer 39. 
The up magnetic pole layer 41 should just consist of NiFe(s). As 
everyone knows, if a field occurs by the electric conduction coil 
pattern, by work of the nonmagnetic gap layer 40, the magnetic-flux 
style which goes back and forth the up magnetic pole layer 41 and the up 
shielding layer 39 will leak from the surfacing side 25, and it will 
come out of it. In this way, it leaks and a record field (gap field) is 
formed of the magnetic-flux style which comes out. 

[0024] The up magnetic pole layer 41 is aluminum 203 which spreads along 
the front face of the nonmagnetic gap layer 40. It is covered with the 
film (alumina) 42, This aluminum 203 The film 42 constitutes the top 
half layer of the above-mentioned film 24 with a built-in head component. 
Namely, aluminum 203 The film 42 is the above-mentioned aluminum 203. It 
collaborates with the film 33 and the head component internal-organs 
film 24 is constituted. 

[0025] Here, the structure of the spin bulb film 36 concerning the 1st 
operation gestalt of this invention is explained to a detail. This spin 
bulb film 36 is constituted by the single spin bulb film of a reverse 
laminated structure as shown in drawing 4 . That is, the spin bulb film 
36 is equipped with the substrate layer 51 which spreads on the front 
face of the bottom electrode terminal layer 35. This substrate layer 51 
should just consist of Ta layer 51a of about 5. Onm of thickness which 
spreads on the front face of the bottom electrode terminal layer 35, and 
NiFe layer 51b of about 2. Onm of thickness which spreads on the front 
face of this Ta layer 51a, The antiferromagnetism layer (pinning layer) 
52 which consists of PdPtMn layers of about 15, Onm of thickness lays on 
top of the front face of the substrate layer 51, 

[0026] The laminating of the fixed side ferroraagnetism layer (pinned 
layer) 53 is carried out to the front face of the antiferromagnetism 
layer 52. The laminating of this fixed side ferromagnetism layer 53 is 
carried out to 1st a little more than magnetic layer 53a which spreads 
on the front face of the antiferromagnetism layer 52, for example, 
catches an insulating layer 54 on a front face, and the front face of an 
insulating layer 54, and it is equipped with 2nd a little more than 
magnetic layer 54b which puts an insulating layer 54 between 1st a 
little more than magnetic layer 53a. An insulating layer 54 should just 
be formed by the oxide film of for example, 1st a little more than 
magnetic layer 53a. 1st a little more than magnetic layer 53a and 2nd a 
little more than magnetic layer 53b should just consist of CoFeB layers 
of about 2. Onm of thickness. 



[0027] In the front face of the fixed side ferromagnetism layer 53, the 
laminating of the nonmagnetic interlayer 55 who consists of Cu(s) of 
about 2. 8nm of thickness, and the freedom side ferromagnetism layer 
(free layer) 56 which consists of CoFeB layers of about 2. Onm of 
thickness is carried out to sequence. The laminating of the Ta layer 57 
of about 5. Onm of thickness is carried out to the front face of the 
freedom side ferromagnetism layer 56. Cap layers (not shown), such as Cu 
layer of about 10. Onm of thickness and Au layer of about 10. Onm of 
thickness, may be formed in the front face of the Ta layer 57 in order. 
[0028] The 1st interface BF is prescribed by such spin bulb film 36 
among the freedom side ferromagnetism layers 56 and the nonmagnetic 
interlayers 55 who pile up mutually. Similarly, the 2nd interface BS is 
specified among the fixed side ferromagnetism layers 53 and the 
nonmagnetic interlayers 55 who pile up mutually. An insulating layer 54 
can be separated from the nonmagnetic interlayer 55 by mediation of 2nd 
a little more than magnetic layer 53b in the fixed side ferromagnetism 
layer 53. 

[0029] If the spin valve-head component 30 is opposed to the front face 
of a magnetic disk 13 in read-out of magnetic information, by the spin 
bulb film 36, the magnetization direction of the freedom side 
ferromagnetism layer 56 will be rotated as everyone knows according to 
the sense of the field which acts from a magnetic disk 13. In this way, 
rotation of the magnetization direction of the freedom side 
ferromagnetism layer 56 changes the electric resistance of the spin bulb 
film 36 a lot. Therefore, if a sense current is supplied to the spin 
bulb film 36 from the bottom shielding layer 39 and the bottom electrode 
terminal layer 35, the level of the electrical signal taken out from the 
bottom shielding layer 39 and the bottom electrode terminal layer 35 
according to change of electric resistance will change. Binary 
information can be read according to change of this level. 
[0030] At this time, the current which flows between the bottom 
shielding layer 39 and the bottom electrode terminal layers 35 runs 
through an insulating layer 54 with the spin valve-head component 30. As 
shown in drawing 5 , it is thought that migration of the electron over 
an insulating layer 54 is realized by work, the detailed defect 58, i.e., 
the pinhole, formed in an insulating layer 54. A current is concentrated 
on a pinhole 58. Consequently, with such spin valve-head components 30, 
big resistance variation is realizable like the time of the passage 
cross section of a current being reduced according to reversal of the 
magnetization direction established in the freedom side ferromagnetism 
layer 56. It is detectable, change, i. e. , electrical-potential- 



difference change, of level sufficient with the sense current of a small 
current value. Therefore, such CPP structure spin valve-head components 
30 can greatly contribute to reduction of much more densif ication of 
magnetic recording, or power consumption. And with such spin valve-head 
components 30, resistance is reduced by the condition about of 1/10 
compared with the so-called tunnel junction magneto-resistive effect 
(TMR) component. The so-called generating of a thermal noise can be 
controlled. And the magnetic domain of the freedom side ferromagnetism 
layer 56 is easily controllable by work of one pair of magnetic-domain 
control film 37 which puts the spin bulb film 36 in comparison with such 
spin valve-head components 30. 

[0031] Next, the manufacture approach of the spin valve-head component 
30 is explained briefly. As everyone knows, in the front face of the Al 
Chick wafer (not shown), it is aluminum 203, The film 33 is formed. This 
aluminum 203 Laminating formation of the lower shielding layer 32 is 
carried out on the film 33. Then, in the front face of the lower 
shielding layer 32, i.e., a basic layer, as shown in drawing 6 , 
laminating formation of the Au film 61 of about 10. Onm of thickness is 
carried out. This laminating is hit, for example, the sputtering method 
should just be used. The Au film 61 is modeled after the configuration 
of the bottom electrode terminal layer 35. Then, the laminating of the 
1st material film 62 which consists of same layer structures as the spin 
bulb film 36 is carried out to the front face of the Au film 61. The 
detail of the formation process of this 1st material film 62 is 
mentioned later. 

[0032] As shown in drawing 6 , on the 1st material film 62, the resist 
film 63 which a convention began to delete and was modeled after the 
configuration is formed continuously. For example, operation of ion 
milling processing shaves off the 1st material film 63 around the resist 
film 63, as shown in drawing 7 . In this way, the 1st material film 62 
begins to be shaved by the 2nd material film 64 modeled after the 
regular configuration. The laminating of the CoCrPt layer 65 which puts 
between the front face of the Au film 61 the 2nd material film 64 which 
began to be shaved is carried out. The resist film 63 should just be 
removed after the laminating of the CoCrPt layer 65. In this way, the 
2nd material film 64 and the CoCrPt layer 65 by which laminating 
formation was carried out at the regular configuration begin to be 
deleted as everyone knows by the long material 66 prolonged along with 
one straight line which crosses the 2nd material film 64. 
[0033] As shown in drawing 8 , on the Au film 61, laminating formation 
of the insulating material film 67 is carried out continuously. The 



insulating material film 67 is completely covered for the long material 
66, and covers it. The resist film 68 is formed in the front face of the 
insulating material film 67. For example, operation of RIE (reactive ion 
etching) processing shaves off the insulating material film 67 around 
the resist film 68, as shown in drawing 9 . In this way, an insulating 
layer 38 begins to be deleted from the insulating material film 67. The 
front face of the spin bulb film 36 is exposed in the interval of an 
insulating layer 38. Then, the resist film 68 is removed. 
[0034] As shown in drawing 10 , on an insulating layer 38, the 
laminating of the NiFe layer 69 is carried out further. This laminating 
is hit, for example, the sputtering method should just be used. The 
resist film 71 is formed in the front face of this NiFe layer 69. This 
resist film 71 models the configuration of the up shielding layer 39. 
For example, operation of RIE processing shaves off the NiFe layer 69 
around the resist film 71, as shown in drawing 11 . In this way, the up 
shielding layer 39 begins to be deleted. Then, the resist film 71 is 
removed. 

[0035] In this way, when the bottom electrode terminal layer 35, the 
spin bulb film 36, the magnetic-domain control film 37, an insulating 
layer 38, and the up shielding layer 39 are formed, in the front face of 
the lower shielding layer 32, it is aluminum 203. The film 34 is formed. 
The bottom electrode terminal layer 35, the spin bulb film 36, the 
magnetic-domain control film 37, an insulating layer 38, and the up 
shielding layer 39 are aluminum 203. It is embedded on the film 34 (for 
example, refer to drawing 3 ). Such aluminum 203 On the film 34, 
laminating formation of the nonmagnetic gap layer 40 and the up magnetic 
pole layer 41 of the induction write-in head component 31 is carried out 
as everyone knows at sequence. Such laminatings are preceded and it is 
aluminum 203. Flattening polish processing may be carried out by the 
film 34. When this flattening polish processing is carried out, the 
front face of the up shielding layer 39 is aluminum 203. It can expose 
in the interval of the film 34. 

[0036] In formation of the material film 63, as shown in the front face 
of the bottom electrode terminal layer 35 at drawing 12 , laminating 
formation of the Ta layer 71 of about 5. Onm of thickness, the NiFe layer 
72 of about 2. Onm of thickness, the PdPtMn layer 73 of about 15. Onm of 
thickness, and the CoFeB layer 74 of about 2. Onm of thickness is carried 
out at sequence. In such laminatings, for example, the sputtering method 
should just be enforced within a vacuum chamber. In a chamber, oxygen 
gas is introduced behind the laminating of the CoFeB layer 74. 
Consequently, the front face of the CoFeB layer 74 oxidizes. The oxide 



film is formed in the front face of the CoFeB layer 74 by this oxidation 
reaction. Then, on the oxide film, laminating formation of the CoFeB 
layer of about 2. Onm of thickness, Cu layer of about 2. 8nm of thickness, 
the CoFeB layer of about 2. Onm of thickness, and the Ta layer of about 
5. Onm of thickness is carried out successively. In the front face of Ta 
layer, laminating formation of Cu layer of about 10. Onm of thickness or 
the Au layer of about 10. Onm of thickness may be carried out further. 
[0037] In forming an insulating layer 54 in the spin bulb film 36, by 
the manufacture approach of such spin valve-head components 30, oxygen 
gas should just be introduced in a chamber like the formation fault of 
the existing spin bulb film. Formation of an insulating layer 54 is 
easily realizable in comparison, diverting the existing manufacture 
approach. The existing manufacturing installation can be used. However, 
it replaces with installation of oxygen gas and the oxygen plasma may be 
used. 

[0038] The above spin bulb film 36 may be constituted by the single spin 
bulb film of an order laminated structure as shown in drawing 13 . That 
is, by this spin bulb film 36, the freedom side ferromagnetism layer 56, 
the nonmagnetic interlayer 55, the fixed side ferromagnetism layer 53, 
the ant i ferromagnetism layer 52, and the Ta layer 57 lay on top of the 
front face of the substrate layer 51 successively. Between the freedom 
side ferromagnetism layer 56 and the nonmagnetic interlayer 55, the 1st 
interface BF is specified like the above-mentioned. The 2nd interface BS 
is specified between the fixed side ferromagnetism layer 53 and the 
nonmagnetic interlayer 55. In the fixed side ferromagnetism layer 53, an 
insulating layer 54 is put between the 1st and the 2nd a little more 
than magnetic layers 53a and 53b. An insulating layer 54 can be 
separated from the nonmagnetic interlayer 55 by mediation of 1st a 
little more than magnetic layer 53a. Such insulating layers 54 should 
just consist of oxide film formed in the front face of 1st a little more 
than magnetic layer 53a like the above-mentioned. 

[0039] Drawing 14 shows the structure of spin bulb film 36a concerning 
the 2nd operation gestalt of this invention. The laminating ferry 
structure film is used for the fixed side ferromagnetism layer 53 in 
this spin bulb film 36a. This laminating ferry structure film is 
equipped with 2nd a little more than magnetic layer 75b which puts the 
Ru layer 76 of about 0. Bnm of thickness between 1st a little more than 
magnetic layer 75a which spreads on the front face of the 
ant i ferromagnetism layer 52, and this 1st a little more than magnetic 
layer 75a. An insulating layer 54 is formed in the front face of 2nd a 
little more than magnetic layer 75b like the above-mentioned. The 



laminating of the 3rd a little more than magnetic layer 75c is further 
carried out to the front face of an insulating layer 54. In this way, an 
insulating layer 54 can be separated from the nonmagnetic interlayer 55 
by mediation of 3rd a little more than magnetic layer 75c. At this time, 
each ferromagnetic layers 75a-75c should just consist of CoFeB layers of 
about 2. Onm of thickness. According to adoption of such laminating ferry 
structure film, as a result of fixing firmly the magnetization direction 
of the fixed side ferromagnetism layer 53, compared with the above- 
mentioned spin bulb film 36, still bigger resistance variation is 
realizable. In addition, the same reference mark is given to the 
configuration which realizes the same operation and same function as the 
above-mentioned. The overlapping explanation is omitted. 
[0040] Drawing 15 shows the structure of spin bulb film 36b concerning 
the 3rd operation gestalt of this invention. In this spin bulb film 36b, 
insulating-layer 54b is put between the freedom side ferromagnetism 
layer 56 and the Ta layer 57. Such insulating-layer 54b should just 
consist of for example, oxide film. Insulating-layer 54b can be 
separated from the nonmagnetic interlayer 55 by mediation of the freedom 
side ferromagnetism layer 56. At this time, the thickness of the fixed 
side ferromagnetism layer 53 or the freedom side ferromagnetism layer 56 
should just be respectively set, for example as about 2. Onm. According 
to such spin bulb film 36b, according to the magnetization direction 
established in the freedom side ferromagnetism layer 56, big resistance 
variation is realizable like the above-mentioned spin bulb film 36 and 
36a. 

[0041] The oxide film is Fe 203 of about 2. Onm of thickness by which 
laminating formation is carried out on the front face of the freedom 
side ferromagnetism layer 56. A layer and aluminum 203 What is necessary 
is just to consist of layers. For example, the sputtering method should 
just be used for such laminating formation. In addition, in formation of 
the oxide film, like the above-mentioned, oxygen gas may be introduced 
in a chamber after membrane formation of the freedom side ferromagnetism 
layer 56, and the oxygen plasma may be introduced in a chamber. Such 
oxygen gas and oxygen plasma trigger oxidation reaction on the front 
face of the freedom side ferromagnetism layer 56. Consequently, the 
oxide film is formed in the front face of the freedom side 
ferromagnetism layer 56. In such cases, oxidizing zones-ed, such as Cu 
layer of about 2. Onm of thickness and Ta layer of about 1. Onm of 
thickness, may be formed by the front face of the freedom side 
ferromagnetism layer 56 in advance of installation of oxygen gas or the 
oxygen plasma. 



[0042] With this 3rd operation gestalt, the laminating ferry structure 
film is used for the fixed side ferromagnetism layer 53 like the above- 
mentioned spin bulb film 36a. This laminating ferry structure film is 
equipped with 2nd a little more than magnetic layer 75e which puts the 
Ru layer 76 of about 0. 8nm of thickness between the 75d of the 1st a 
little more than magnetic layer which spreads on the front face of the 
ant i ferromagnetism layer 52, and the 75d of this 1st a little more than 
magnetic layer. The 75d of the 1st a little more than magnetic layers 
should just consist of CoFeB layers of about 2. Onm of thickness. On the 
other hand, 2nd a little more than magnetic layer 75e should just be 
constituted by the CoFeB layer of about 2. 5nm of thickness. According to 
adoption of such laminating ferry structure film, as a result of fixing 
firmly the magnetization direction of the fixed side ferromagnetism 
layer 53, compared with the case where a CoFeB layer is simply adopted 
as the fixed side ferromagnetism layer 53, big resistance variation is 
realizable. However, the laminating ferry structure film does not 
necessarily need to be used for the fixed side ferromagnetism layer 53. 
In addition, the same reference mark is given to the configuration which 
realizes the same operation and same function as the above-mentioned. 
The overlapping explanation is omitted. 

[0043] With this 3rd operation gestalt, the joint filter layer 77, i.e., 
Cu layer, may be put between the freedom side ferromagnetism layer 56 
and insulating-layer 54b so that clearly from drawing 15 . Such Cu 
layers 77 can fully weaken the coercive force He of the freedom side 
ferromagnetism layer 56 so that it may be mentioned later. Moreover, 
insulating-layer 54b may be formed into the freedom side ferromagnetism 
layer 56, as shown in drawing 16 . Such insulating-layer 54b should just 
consist of oxide film put between the 1st and the 2nd a little more than 
magnetic layers 56a and 56b. Insulating-layer 54b can be separated from 
the nonmagnetic interlayer 55 by mediation of 1st a little more than 
magnetic layer 56a. At this time, the thickness of the 1st and the 2nd a 
little more than magnetic layers 56a and 56b should just be respectively 
set as about 2. Onm. The thickness of the fixed side ferromagnetism layer 
53 should just be set as about 2. Onm. 

[0044] Drawing 17 shows the structure of spin bulb film 36c concerning 
the 4th operation gestalt of this invention. In addition to the 
insulating layer 54 formed into the fixed side ferromagnetism layer 53 
as mentioned above, in this spin bulb film 36c, insulating-layer 54c is 
put between the freedom side ferromagnetism layer 56 and the Ta layer 57. 
An insulating layer 54 can be separated from the nonmagnetic interlayer 
55 like the above-mentioned by mediation of 3rd a little more than 



magnetic layer 79c in the fixed side ferromagnetism layer 53. On the 
other hand, insulating-layer 54c can be separated from the nonmagnetic 
interlayer 55 by mediation of the freedom side ferromagnetism layer 56. 
According to such spin bulb film 36c, according to the magnetization 
direction established in the freedom side ferromagnetism layer 56, big 
resistance variation is realizable like the above-mentioned spin bulb 
film 36, 36a, and 36b. In addition, the same reference mark is given to 
the configuration which realizes the same operation and same function as 
the above-mentioned. The overlapping explanation is omitted. However, 
the laminating ferry structure film does not necessarily need to be used 
for the fixed side ferromagnetism layer 53 like the above-mentioned. 
[0045] Insulating-layer 54c is Fe 203 of about 2. Onm of thickness by 
which laminating formation is carried out on the front face of the 
freedom side ferromagnetism layer 56 like the above-mentioned 
insulating-layer 54b. A layer and aluminum 203 What is necessary is just 
to consist of layers. For example, the sputtering method should just be 
used for such laminating formation. In addition, in formation of the 
oxide film, like the above-mentioned, oxygen gas may be introduced in a 
chamber after membrane formation of the freedom side ferromagnetism 
layer 56, and the oxygen plasma may be introduced in a chamber. Such 
oxygen gas and oxygen plasma trigger oxidation reaction on the front 
face of the freedom side ferromagnetism layer 56. Consequently, the 
oxide film is formed in the front face of the freedom side 
ferromagnetism layer 56. In such cases, oxidizing zones-ed, such as Cu 
layer of about 2. Onm of thickness and Ta layer of about 1. Onm of 
thickness, may be formed by the front face of the freedom side 
ferromagnetism layer 56 in advance of installation of oxygen gas or the 
oxygen plasma. 

[0046] Especially by spin bulb film 36c concerning this 4th operation 
gestalt, as shown, for example in drawing 18 , it is thought that the 
so-called speculer dispersion is realized between one pair of insulating 
layers 54 and 54c. Consequently, according to the magnetization 
direction established in the freedom side ferromagnetism layer 56, still 
bigger resistance variation can be attained so that it may be mentioned 
later. In addition, with this 4th operation gestalt, as shown, for 
example in drawing 19 , it may be put between the freedom side 
ferromagnetism layer 56 and insulating- layer 54c, above-mentioned joint 
filter layer 77, i.e., Cu layer. 

[0047] Drawing 20 shows the structure of 36d of spin bulb film 
concerning the 5th operation gestalt of this invention. 36d of this spin 
bulb film is constituted by the so-called dual spin bulb film. That is, 



by 36d of this spin bulb film, the substrate layer 51, the 
antiferromagnetism layer 52, the fixed side ferromagnetism layer 53 that 
puts an insulating layer 54, the nonmagnetic interlayer 55, and the 
freedom side ferromagnetism layer 56 are accumulated in order like the 
above-mentioned. An insulating layer 54 can be separated from the 
nonmagnetic interlayer 55 by mediation of 3rd a little more than 
magnetic layer 79c in the fixed side ferromagnetism layer 53. 
[0048] And on this freedom side ferromagnetism layer 56, **** 78 in 
nonmagnetic, the fixed side ferromagnetism layer 79, the 
antiferromagnetism layer 80, and the Ta layer 57 pile up in order. 
Between the freedom side ferromagnetism layer 56 and the nonmagnetic 
interlayer 78, the 1st interface BF is specified like the above- 
mentioned. The 2nd interface BS is prescribed between the fixed side 
ferromagnetism layer 79 and the nonmagnetic interlayer 78 by on the 
other hand. The same reference mark is given to the configuration which 
realizes the same operation and same function as the above-mentioned. 
The overlapping explanation is omitted. 

[0049] With this 5th operation gestalt, the laminating ferry structure 
film is used for the fixed side ferromagnetism layer 79 like the above- 
mentioned. The laminating of this laminating ferry structure film is 
carried out to 1st a little more than magnetic layer 79a which spreads 
on the nonmagnetic interlayer' s 78 front face, for example, catches 54d 
of insulating layers on a front face, and the front face of 54d of 
insulating layers, and it is equipped with 2nd a little more than 
magnetic layer 79b which puts 54d of insulating layers between 1st a 
little more than magnetic layer 79a. In this way, 54d of insulating 
layers can be separated from the nonmagnetic interlayer 78 by mediation 
of 1st a little more than magnetic layer 79a. At this time, 54d of 
insulating layers should just be formed by the oxide film of for example, 
1st a little more than magnetic layer 79a. The laminating of the Ru 
layer 76 of about 0. 8nm of thickness is carried out to the front face of 
2nd a little more than magnetic layer 79b. The laminating of the 3rd a 
little more than magnetic layer 79c is further carried out to the front 
face of the Ru layer 76. Each ferromagnetic layers 79a-79c should just 
consist of CoFeB layers of about 2. Onm of thickness. In addition, the 
nonmagnetic interlayer 78 and the antiferromagnetism layer 80 should 
just be constituted like the above-mentioned nonmagnetic interlayer 55 
or the antiferromagnetism layer 52. 

[0050] According to 36d of such spin bulb film, according to the 
magnetization direction established in the freedom side ferromagnetism 
layer 56, big resistance variation is realizable like the above- 



mentioned spin bulb film 36, 36a-36c. However, the laminating ferry 
structure film does not necessarily need to be used for the fixed side 
ferromagnetism layers 53 and 79 like the above-mentioned. 
[0051] Drawing 21 shows the structure of spin bulb film 36e concerning 
the 6th operation gestalt of this invention. In this spin bulb film 36e, 
insulating-layer 54e is further formed into the freedom side 
ferromagnetism layer 56 by 36d of spin bulb film concerning the above- 
mentioned 5th operation gestalt. Such insulating-layer 54e should just 
consist of for example, oxide film. Insulating-layer 54e can be 
separated from each nonmagnetic interlayers 55 and 78 by mediation of 
each ferromagnetic layers 56a and 56b. At this time, the thickness of 
the ferromagnetic layers 56a and 56b should just be respectively set as 
about 2, Onm. In addition, the same reference mark is given to the 
configuration which realizes the same operation and same function as the 
above-mentioned. The overlapping explanation is omitted. However, the 
laminating ferry structure film does not necessarily need to be used for 
the fixed side ferromagnetism layers 53 and 79 like the above-mentioned. 
[0052] According to such spin bulb film 36e, according to the 
magnetization direction established in the freedom side ferromagnetism 
layer 56, big resistance variation is realizable like the above- 
mentioned spin bulb film 36, 36a-36d. Especially, by this spin bulb film 
36e, it is thought like the above-mentioned that the so-called speculer 
dispersion is attained between insulating layers 54d and 54e and among 
insulating layers 54e and 54. Consequently, according to the 
magnetization direction established in the freedom side ferromagnetism 
layer 56, still bigger resistance variation can be attained so that it 
may be mentioned later. 

[0053] The oxide film is Fe 203 of about 2. Onm of thickness by which 
laminating formation is carried out on the front face of 1st a little 
more than magnetic layer 56a. A layer and aluminum 203 What is necessary 
is just to consist of layers. For example, the sputtering method should 
just be used for such laminating formation. In addition, in formation of 
the oxide film, like the above-mentioned, oxygen gas may be introduced 
in a chamber after membrane formation of 1st a little more than magnetic 
layer 56a, and the oxygen plasma may be introduced in a chamber. Such 
oxygen gas and oxygen plasma trigger oxidation reaction on the front 
face of for example, 1st a little more than magnetic layer 56a. 
Consequently, the oxide film is formed in the front face of 1st a little 
more than magnetic layer 56a. In such cases, oxidizing zones-ed, such as 
Cu layer of about 2. Onm of thickness and Ta layer of about 1. Onm of 
thickness, may be formed by the front face of 1st a little more than 



magnetic layer 56a in advance of installation of oxygen gas or the 
oxygen plasma. 

[0054] With this 6th operation gestalt, as shown in drawing 22 , the 
joint filter layer 77, i.e., Cu layer, may be put in the freedom side 
ferromagnetism layer 56 further again, respectively between each 
ferromagnetic layers 56a and 56b and insulating-layer 54e. In addition, 
the same reference mark is given to the configuration which realizes the 
same operation and same function as the above-mentioned in drawing 22 . 
The overlapping explanation is omitted. However, the laminating ferry 
structure film does not necessarily need to be used for the fixed side 
ferromagnetism layers 53 and 79 like the above-mentioned. 
[0055] Drawing 23 shows the structure of 36f of spin bulb film 
concerning the 7th operation gestalt of this invention. 36f of this spin 
bulb film is constituted by the dual spin bulb film which shares an 
ant i ferromagnetism layer between the spin bulb film of one pair of upper 
and lower sides. That is, the freedom side ferromagnetism layer 56, the 
nonmagnetic interlayer 55, the fixed side ferromagnetism layer 53, and 
the ant i ferromagnetism layer 52 lay on top of the front face of the 
substrate layer 51 successively. 54f of insulating layers is formed into 
the freedom side ferromagnetism layer 56. 54f of such insulating layers 
should just consist of oxide film put between the 1st and the 2nd a 
little more than magnetic layers 56a and 56b. 54f of insulating layers 
can be separated from the nonmagnetic interlayer 55 by mediation of 2nd 
a little more than magnetic layer 56b. At this time, the thickness of 
the 1st and the 2nd a little more than magnetic layers 56a and 56b 
should just be respectively set as about 2. Onm. 

[0056] The laminating ferry structure film is used for the fixed side 
ferromagnetism layer 53. This laminating ferry structure film should 
just be equipped with 2nd a little more than magnetic layer 75e which 
puts the Ru layer 76 of about 0. 8nra of thickness between the 75d of the 
1st a little more than magnetic layer which spreads on the nonmagnetic 
interlayer' s 55 front face, and the 75d of this 1st a little more than 
magnetic layer. The 75d of the 1st a little more than magnetic layers 
should just consist of CoFeB layers of about 2. 5nm of thickness. On the 
other hand, 2nd a little more than magnetic layer 75e should just be 
constituted by the CoFeB layer of about 2. Onm of thickness. However, the 
laminating ferry structure film does not necessarily need to be used for 
the fixed side ferromagnetism layer 53 like the above-mentioned. In 
addition, the same reference mark is given to the configuration which 
realizes the same operation and same function as the above-mentioned. 
The overlapping explanation is omitted. 



[0057] By 36f of this spin bulb film, the fixed side ferromagnetism 
layer 83, the nonmagnetic interlayer 84, the freedom side ferromagnetism 
layer 85, and the Ta layer 57 are accumulated in order on the 
antiferromagnetism layer 52. Between the freedom side ferromagnetism 
layer 85 and the nonmagnetic interlayer 84, the 1st interface BF is 
specified like the above-mentioned. The 2nd interface BS is specified 
between the fixed side ferromagnetism layer 83 and the nonmagnetic 
interlayer 84. 

[0058] 54g of insulating layers is put between the freedom side 
ferromagnetism layer 85 and the Ta layer 57. 54g of such insulating 
layers is Fe 203 of about 2. Onm of thickness like the above-mentioned. 
What is necessary is just to consist of layers. Fe 203 Laminating 
formation of the layer should just be carried out for example, by the 
sputtering method. In this way, 54g of insulating layers can be 
separated from the nonmagnetic interlayer 84 by mediation of the freedom 
side ferromagnetism layer 85. At this time, the thickness of the freedom 
side ferromagnetism layer 85 should just be set as about 2. Onm. The 
nonmagnetic interlayer 84 should just be constituted like the above- 
mentioned nonmagnetic interlayer 55. 

[0059] The laminating ferry structure film is used for the fixed side 
ferromagnetism layer 83 at this time. This laminating ferry structure 
film should just be equipped with 2nd a little more than magnetic layer 
75e which puts the Ru layer 76 of about 0. 8nm of thickness between the 
75d of the 1st a little more than magnetic layer which spreads on the 
front face of the antiferromagnetism layer 52, and the 75d of this 1st a 
little more than magnetic layer. The 75d of the 1st a little more than 
magnetic layers should just consist of CoFeB layers of about 2. Onm of 
thickness. On the other hand, 2nd a little more than magnetic layer 75e 
should just be constituted by the CoFeB layer of about 2. 5nm of 
thickness. However, the laminating ferry structure film does not 
necessarily need to be used for the fixed side ferromagnetism layer 83 
like the above-mentioned. According to 36f of such spin bulb film, 
according to the magnetization direction established in the freedom side 
ferromagnetism layers 56 and 85, big resistance variation is realizable 
like the above-mentioned spin bulb film 36, 36a-36e. 
[0060] Resistance variation was surveyed with the above CPP structure 
spin valve-head components 30. 16 kinds of spin bulb film was prepared 
in this observation. As shown in drawing 4 , the spin bulb film 36 
concerning the above-mentioned 1st operation gestalt was built into the 
spin valve-head component concerning a sample (al). As shown in drawing 
14 , spin bulb film 36a concerning the above-mentioned 2nd operation 



gestalt was included in the spin valve-head component concerning a 
sample (bl). 

[0061] Spin bulb film 36b concerning the above-mentioned 3rd operation 
gestalt was included in the spin valve-head component concerning sample 
(cl) - (c4). However, by the sample (cl), as shown in drawing 15 , it is 
in charge of formation of insulating-layer 54b, and in the front face of 
the freedom side ferromagnetism layer 56, it is Fe 203 with the 
sputtering method. A layer and aluminum 203 The laminating of the layer 
was carried out. Moreover, by the sample (c2), the front face of the 
freedom side ferromagnetism layer 56 was put to oxygen gas in formation 
of insulating-layer 54b. Furthermore, by the sample (c3), the front face 
of the freedom side ferromagnetism layer 56 was put to the oxygen plasma 
in formation of insulating-layer 54b. The Cu layer 77 was put also 
between neither of the cases, the case between the freedom side 
ferromagnetism layer 56 and insulating-layer 54b. By the sample (c4), as 
shown in drawing 16 , insulating-layer 54b was embedded into the freedom 
side ferromagnetism layer 56 further again. It is in charge of formation 
of this insulating-layer 54b, and is Fe 203 with the sputtering method 
in the front face of 1st a little more than magnetic layer 56a. A layer 
and aluminum 203 The laminating of the layer was carried out. 
[0062] Spin bulb film 36c concerning the above-mentioned 4th operation 
gestalt was included in the spin valve-head component concerning sample 
(dl) - (d4). However, by the sample (dl), as shown in drawing 17 , it is 
in charge of formation of insulating-layer 54c, and in the front face of 
the freedom side ferromagnetism layer 56, it is Fe 203 with the 
sputtering method. A layer and aluminum 203 The laminating of the layer 
was carried out. Moreover, by the sample (d2), the front face of the 
freedom side ferromagnetism layer 56 was put to oxygen gas in formation 
of insulating-layer 54c. Furthermore, by the sample (d3), the front face 
of the freedom side ferromagnetism layer 56 was put to the oxygen plasma 
in formation of insulating-layer 54c. The Cu layer 77 was put also 
between neither of the cases, the case between the freedom side 
ferromagnetism layer 56 and insulating-layer 54c. By the sample (d4), as 
shown in drawing 19 , the joint filter layer 77, i.e., Cu layer, was put 
between the freedom side ferromagnetism layer 56 and insulating-layer 
54c further again. At this time, it is in charge of formation of 
insulating-layer 54c, and is Fe 203 with the sputtering method on the Cu 
layer 77. A layer and aluminum 203 The laminating of the layer was 
carried out. 

[0063] As shown in drawing 20 , 36d of spin bulb film concerning the 
above-mentioned 5th operation gestalt was built into the spin valve-head 



component concerning a sample (el) further again. Similarly, spin bulb 
film 36e concerning the above-mentioned 6th operation gestalt was 
included in the spin valve-head component concerning sample (fl) - (f4). 
However, by the sample (fl), as shown in drawing 21 , it is in charge of 
formation of insulating-layer 54e, and in the front face of 
ferromagnetic layer 56a, it is Fe 203 with the sputtering method. A 
layer and aluminum 203 The laminating of the layer was carried out. 
Moreover, by the sample (f2), the front face of ferromagnetic layer 56a 
was put to oxygen gas in formation of insulating-layer 54e. Furthermore, 
by the sample (fS), the front face of ferromagnetic layer 56a was put to 
the oxygen plasma in formation of insulating-layer 54e. The Cu layer 77 
was put also between neither of the cases, the case between the 
ferromagnetic layers 56a and 56b and insulating-layer 54e. By the sample 
(f4), as shown in drawing 22 , the joint filter layer 77, i.e., Cu layer, 
was put further again between each ferromagnetic layers 56a and 56b and 
insulating-layer 54e. At this time, it is in charge of formation of 
insulating-layer 54e, and is Fe 203 with the sputtering method on the Cu 
layer 77. A layer and aluminum 203 The laminating of the layer was 
carried out. In addition, as shown in drawing 23 , 36f of spin bulb film 
concerning the above-mentioned 7th operation gestalt was built into the 
spin valve-head component concerning a sample (gl). 

[0064] In this observation, four kinds of examples of a comparison were 
prepared. With the spin valve-head component concerning a sample (aO), 
the insulating layer 54 was removed from the above-mentioned sample (al). 
The thickness of the fixed side ferromagnetism layer 53 was set as 4. 5nm. 
With the spin valve-head component concerning a sample (bO), the 
insulating layer 54 was removed from the above-mentioned sample (bl). At 
this time, the thickness of a ferromagnetic layer in "contact with the 
nonmagnetic interlayer 55 was set as 2. 5 micrometers. With the spin 
valve-head component concerning a sample (eO), insulating layers 54 and 
54d were removed from the above-mentioned sample (el). The thickness of 
a ferromagnetic layer in contact with the nonmagnetic interlayers 55 and 
78 was respectively set as 2. 5 micrometers. Furthermore, with the spin 
valve-head component concerning a sample (gO), insulating layers 54f and 
54g were removed from the above-mentioned sample (gl). [Table 1] - 
[Table 4] was obtained as a result of such an observation. 
[0065] 
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[0069] [Table 1] The sample from which the insulating layer was removed 
so that clearly from - [Table 4] (aO), (bO) — and (eO) (gO) — 
comparing — a sample (al), (bl), - (cl) (c4), (el), and - (fl) (f4) — 
and (gl) — **** — large — component size 1. 0micrometer2 Resistance 
variation **R at the time increased. Consequently, based on insertion of 
insulating layers 54, 54b-54g, it was checked that resistance variation 
**R of the spin valve-head component 30 increases, especially — a 
sample (cl), (c4), (dl), and (d4) — and (fl) (f4) like The sputtering 
method is used and it is Fe 203. A layer and aluminum 203 With the spin 
valve-head component 30 in which oxide film called a layer was formed 
Remarkable big resistance variation deltaR was attained compared with 
the spin valve-head component in which the oxide film was formed based 
on installation and the oxygen plasma of oxygen gas. And so that clearly 
from sample (dl) - (d4) and sample (fl) - (f4) The insulating layers 54 
and 54d separated from the nonmagnetic interlayers 55 and 78 in the 
fixed side ferromagnetism layer 53 and the ferromagnetic layers 53b and 
79a in 79, It was checked with the spin valve-head component 30 which 
equips coincidence with the insulating layers 54c and 54e separated from 
the nonmagnetic middle class 55 and 78 in the freedom side 
ferromagnetism layers 56, 56a, and 56b that resistance variation **R 



increases remarkably. 

[0070] Furthermore, an artificer is [ oxidation time amount i.e., the 
introductory persistence time of oxygen gas, and ] 2 1 micrometer at the 
above-mentioned sample (bl). The resistance R at the time and relation 
with resistance variation deltaR were verified. At this time, the amount 
of installation of oxygen was set as 0.2 [seem]. As shown in drawing 24 
(a) and (b), when oxidation time amount exceeded 100 [s], it was checked 
that high resistance variation **R and MR ratio are realized. 
[0071] It is [ the thickness of insulating-layer 54b, and ] 2 1 
micrometer at the sample (cl) of the above-mentioned [ an artificer ] 
further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. As shown in drawing 25 (a) and (b), when 
the thickness of insulating-layer 54b was set as 3. Onm, it was cheeked 
that resistance variation **R and MR ratio show maximum. 
[0072] It is [ oxidation time amount, i.e., the introductory persistence 
time of oxygen gas, and ] 2 1 micrometer at the sample (c2) of the 
above-mentioned [ an artificer ] further again. The resistance R at the 
time and relation with resistance variation deltaR were verified. At 
this time, the amount of installation of oxygen was set as 0.2 [seem]. 
As shown in drawing 26 (a) and (b), when oxidation time amount exceeded 
100 [s], it was checked that high resistance variation **R and MR ratio 
are realized. 

[0073] It is [ oxidation time amount, i.e., the application persistence 
time of the oxygen plasma, and ] 2 1 micrometer at the sample (c3) of 
the above-mentioned [ an artificer ] further again. The resistance R at 
the time and relation with resistance variation deltaR were verified. At 
this time, oxygen pressure was set as 1.0 [Pa]. As shown in drawing 27 
(a) and (b), when oxidation time amount exceeded 300 [s], it was checked 
that high resistance variation **R is attained. When oxidation time 
amount was set as 300 [s], it was checked that MR ratio shows maximum. 
[0074] It is [ the thickness of insulating-layer 54c, and ] 2 1 
micrometer at the sample (dl) of the above-mentioned [ an artificer ] 
further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. As shown in drawing 28 (a) and (b), when 
the thickness of insulating-layer 54c was set as 3. Onm, it was checked 
that resistance variation **R and MR ratio show maximum. 
[0075] It is [ the oxidation time amount of the freedom side 
ferromagnetism layer 56, i. e. , the introductory persistence time of 
oxygen gas, and ] 2 1 micrometer at the sample (d2) of the above- 
mentioned [ an artificer ] further again. The resistance R at the time 
and relation with resistance variation deltaR were verified. At this 



time, the amount of installation of oxygen was set as 0.2 [sccra]. As 
shown in drawing 29 (a) and (b) , when oxidation time amount exceeded 100 
[s], it was checked that high resistance variation **R and MR ratio are 
realized. 

[0076] It is [ the oxidation time amount of the freedom side 
ferromagnetism layer 56, i.e., the application persistence time of the 
oxygen plasma, and ] 2 1 micrometer at the sample (d3) of the above- 
mentioned [ an artificer ] further again. The resistance R at the time 
and relation with resistance variation deltaR were verified. At this 
time, oxygen pressure was set as 1.0 [Pa]. As shown in drawing 30 (a) 
and (b), when oxidation time amount exceeded 300 [s], it was checked 
that high resistance variation **R is attained. When oxidation time 
amount was set as 300 [s], it was checked that MR ratio shows maximum. 
[0077] Furthermore, the artificer verified the relation between the 
thickness of the joint filter layer 77, i.e., Cu layer, and resistance 
variation **R by the above-mentioned sample (d4). Consequently, with the 
CPP structure spin valve-head component 30, it was checked irrespective 
of the thickness of the Cu layer 77 that fixed resistance variation **R 
is attained so that clearly from drawing 31 (a). And when the thickness 
of the Cu layer 77 exceeded 1. Onm, it was checked that the coercive 
force He of the freedom side ferromagnetism layer 56 declines remarkably. 
The effectiveness of the joint filter layer 77, i.e., Cu layer, was 
proved. Especially the thickness of the Cu layer 77 is wanted to be set 
as 2. Onm or more. 

[0078] As it is one of these, for example, is shown in drawing 31 (b), 
with the so-called CIP (current in-the-plane) structure spin valve-head 
component, resistance variation **R will decrease as the thickness of a 
joint filter layer, i. e. , Cu layer, increases. With this CIP structure 
spin valve-head component, the current was supplied to spin bulb film 
36c from one pair of electrode terminals which put spin bulb film 36c 
from both sides as everyone knows along the front face of the non- 
magnetic layer by which a laminating is carried out for example, on the 
above-mentioned lower shielding layer 32, or the magnetic-domain control 
film. 

[0079] It is [ the thickness of insulating-layer 54e, and ] 2 1 
micrometer at the sample (fl) of the above-mentioned [ an artificer ] 
further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. As shown in drawing 32 (a) and (b), when 
the thickness of insulating-layer 54e was set as 3. Onm, it was checked 
that resistance variation **R and MR ratio show maximum. 
[0080] It is [ the oxidation time amount of ferromagnetic layer 56a, 



i. e. , the application persistence time of the oxygen plasma, and ] 2 1 
micrometer at the sample (f3) of the above-mentioned [ an artificer ] 
further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. At this time, oxygen pressure was set as 
1.0 [Pa]. As shown in drawing 33 (a) and (b), when oxidation time amount 
was set as 300 [s], it was checked that resistance variation **R and MR 
ratio show ********. 

[0081] In addition, the above insulating layers 54, 54b-54g should just 
contain the compound which consists of at least two or more kinds of 
elements. Others, a nitride and carbide, and boride can be contained in 
such compounds. [ oxide / above-mentioned ] 

[0082] (Additional remark 1) CPP structure spin valve head characterized 
by having a freedom side ferromagnetism layer, the nonmagnetic 
interlayer who contacts a freedom side ferromagnetism layer in the 1st 
interface, the fixed side ferromagnetism layer which contacts a 
nonmagnetic interlayer in the 2nd interface, and the insulating layer 
separated from a nonmagnetic interlayer in a fixed side ferromagnetism 
layer. 

[0083] (Additional remark 2) It is the CPP structure spin valve head 
characterized by including the compound with which said insulating layer 
consists of at least two kinds of elements in the CPP structure spin 

valve head of a publication in additional remark 1. 
[0084] (Additional remark 3) It is the CPP structure spin valve head 
characterized by said compound being oxide in a CPP structure spin valve 
head given in additional remark 2. 

[0085] (Additional remark 4) It is the CPP structure spin valve head 
characterized by putting said insulating layer in one pair of fixed side 
ferromagnetism layers in a CPP structure spin valve head given in 
additional remark 1. 

[0086] (Additional remark 5) CPP structure spin valve head characterized 
by having a freedom side ferromagnetism layer, the nonmagnetic 
interlayer who contacts a freedom side ferromagnetism layer in the 1st 
interface, the fixed side ferromagnetism layer which contacts a 
nonmagnetic interlayer in the 2nd interface, and the insulating layer 
separated from a nonmagnetic interlayer in a freedom side ferromagnetism 
layer. 

[0087] (Additional remark 6) It is the CPP structure spin valve head 
characterized by including the compound with which said insulating layer 
consists of at least two kinds of elements in the CPP structure spin 
valve head of a publication in additional remark 5. 
[0088] (Additional remark 7) It is the CPP structure spin valve head 



characterized by said compound being oxide in a CPP structure spin valve 
head given in additional remark 6. 

[0089] (Additional remark 8) It is the CPP structure spin valve head 
characterized by putting said insulating layer in a freedom side [ one 
pair ] ferromagnetism layer in a CPP structure spin valve head given in 
additional remark 5. 

[0090] (Additional remark 9) CPP structure spin valve head characterized 
by having further the insulating layer separated from said nonmagnetic 
middle class in said fixed side ferromagnetism layer in a CPP structure 
spin valve head given in additional remark 5. 

[0091] (Additional remark 10) It is the CPP structure spin valve head 
characterized by including the compound with which said insulating layer 
consists of at least two kinds of elements in the CPP structure spin 
valve head of a publication in additional remark 9. 
[0092] (Additional remark 11) It is the CPP structure spin valve head 
characterized by said compound being oxide in a CPP structure spin valve 
head given in additional remark 10. 

[0093] (Additional remark 12) It is the CPP structure spin valve head 
characterized by putting said insulating layer in one pair of fixed side 
ferromagnetism layers in a CPP structure spin valve, head given in 
additional remark 9. 
[0094] 

[Effect of the Invention] According to this invention, certainly big 
resistance variation can be attained as mentioned above with the same 
number of laminatings as the existing spin bulb film. 
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[Brief Description of the Drawings] 

[Drawing l] It is the top view showing the structure of hard disk drive 
(HDD) roughly. 

[Drawing 2] It is the expansion perspective view showing roughly the 

structure of the surfacing head slider concerning one example. 

[Drawing 3] It is the expansion front view showing the situation of the 

read-out write-in head observed in respect of surfacing. 

[Drawing 4] It is the expansion side elevation showing the structure of 

the spin bulb film concerning the 1st operation gestalt of this 

invention. 



[Drawing 5] It is the conceptual diagram showing work of an insulating 
layer. 

[Drawing 6] It is the fragmentary sectional view showing one process 
included in the manufacture approach of a spin valve-head component. 
[Drawing 7] It is the fragmentary sectional view showing one process 
included in the manufacture approach of a spin valve-head component. 
[Drawing 8] It is the fragmentary sectional view showing one process 
included in the manufacture approach of a spin valve-head component. 
[Drawing 9] It is the fragmentary sectional view showing one process 
included in the manufacture approach of a spin valve-head component. 
[Drawing 10] It is the fragmentary sectional view showing one process 
included in the manufacture approach of a spin valve-head component. 
[Drawing 11] It is the fragmentary sectional view showing one process 
included in the manufacture approach of a spin valve-head component. 
[Drawing 12] It is the expansion fragmentary sectional view showing 
roughly the formation process of the insulating layer included in the 
spin bulb film. 

[Drawing 13] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the example of a complete-change form of 
the 1st operation gestalt. 

[Drawing 14] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the 2nd operation gestalt of this 
invention. 

[Drawing 15] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the 3rd operation gestalt of this 
invention. 

[Drawing 16] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the example of a complete-change form of 
the 3rd operation gestalt. 

[Drawing 17] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the 4th operation gestalt of this 
invention. 

[Drawing 18] It is the conceptual diagram showing the principle of 
speculer diffusion. 

[Drawing 19] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the example of a complete-change form of 
the 4th operation gestalt. 

[Drawing 20] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the 5th operation gestalt of this 
invention. 

[Drawing 21] It is the expansion side elevation showing the structure of 



the spin bulb film concerning the 6th operation gestalt of this 
invention. 

[Drawing 22] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the example of a complete-change form of 
the 6th operation gestalt. 

[Drawing 23] It is the expansion side elevation showing the structure of 
the spin bulb film concerning the 7th operation gestalt of this 
invention. 

[Drawing 24] It is a spin valve-head component concerning a sample (bl), 
and is the graph which shows the relation between the oxidation time 
amount under (a) oxygen ambient atmosphere, resistance, and resistance 
variation, and the relation between the oxidation time amount under (b) 
oxygen ambient atmosphere, and MR ratio. 

[Drawing 25] It is a spin valve-head component concerning a sample (cl), 
and is the graph which shows the relation between the thickness of the 

(a) insulating layer, resistance, and resistance variation, and the 
relation between the thickness of the (b) insulating layer, and MR ratio. 
[Drawing 26] It is a spin valve-head component concerning a sample (c2), 
and is the graph which shows the relation between the oxidation time 
amount under (a) oxygen ambient atmosphere, resistance, and resistance 
variation, and the relation between the oxidation time amount under (b) 
oxygen ambient atmosphere, and MR ratio. 

[Drawing 27] It is the graph which is a spin valve-head component 
concerning a sample (c3), and shows the relation between the oxidation 
time amount based on (a) oxygen plasma, resistance, and resistance 
variation, and the relation between the oxidation time amount based on 

(b) oxygen plasma, and MR ratio. 

[Drawing 28] relation with the thickness of an insulating layer, the 
resistance, and resistance variation which are a spin valve-head 
component concerning a sample (dl), and are formed on (a) freedom side 
ferromagnetism layer, and (b) — it is the graph which similarly shows 
the relation between the thickness of an insulating layer, and MR ratio. 
[Drawing 29] It is a spin valve-head component concerning a sample (d2), 
and is the graph which shows the relation between the oxidation time 
amount of (a) freedom side ferromagnetism layer, resistance, and 
resistance variation, and the relation between the oxidation time amount 
of (b) freedom side ferromagnetism layer, and MR ratio. 
[Drawing 30] It is a spin valve-head component concerning a sample (d3), 
and is the graph which shows the relation between the oxidation time 
amount of a freedom side ferromagnetism layer based on (a) oxygen plasma, 
resistance, and resistance variation, and the relation between the 



oxidation time amount of a freedom side ferromagnetism layer based on 
(b) oxygen plasma, and MR ratio. 

[Drawing 31] It is a spin valve-head component concerning a sample (d4), 
and is the graph which shows the relation between the thickness of a 
joint filter layer, and the coercive force of resistance variation and a 
freedom side ferromagnetism layer. 

[Drawing 32] relation with the thickness of an insulating layer, the 
resistance, and resistance variation which are a spin valve-head 
component concerning a sample (fl), and are formed on (a) freedom side 
ferromagnetism layer, and (b) — it is the graph which similarly shows 
the relation between the thickness of an insulating layer, and MR ratio. 
[Drawing 33] It is a spin valve-head component concerning a sample (f3), 
and is the graph which shows the relation between the oxidation time 
amount of a freedom side ferromagnetism layer based on (a) oxygen plasma, 
resistance, and resistance variation, and the relation between the 
oxidation time amount of a freedom side ferromagnetism layer based on 
(b) oxygen plasma, and MR ratio. 
[Description of Notations] 

31 CPP structure spin valve head, 36, 36a-36h The spin bulb film, 53 
Fixed side ferromagnetism layer, 54, 54b-54g An insulating layer, 55 A 
nonmagnetic interlayer, 56 A freedom side ferromagnetism layer, 78 A 

nonmagnetic interlayer, 79 A fixed side ferromagnetism layer, 83 fixed- 
side ferromagnetism layer, 84 A nonmagnetic interlayer, 85 A freedom 
side ferromagnetism layer, BF The 1st interface, BS The 2nd interface. 
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S?S3 5®ffl*T'Xlf>y^/U;?^li3 6lttt-feVXa-3SE 
tmi^itl^ C tft^T^ 5o ±gI5->-/U KM 3 9 tasE 

fij«Biffi3 7 ,!:ttii6iga 3 8(o®^Tmmzmmi^n^o 

[0023] J.X±© J: ^ &±SP->-;l/ m 3 9 ttl^Pttc 

giMSii^'v-y Km^^3 1 (DTmmmt Lxnm 

So -rSfc-B. ±SB->-;UKli3 9©SiBtcf«Pl8tt=r 



^ 7/i 4 0 fi«iBa*ti5„ ^f8Stt4^+ -y 7ii 4 0 li01J 
TlffA I2 03 (7/U5:^) -p^fig^tlftHfJcC^. ±gP 
->-;U KS 3 9 lew. C<D#Kait:^s-V' yS 4 0 €»EA, 

7±si:<iis^4 1 «t|Ri^^3o ±sis{ses4 1 umm 

N i Fe6^68ifi8**inJ#J:t\ S5i©ay, »S=i'r 

iwi^-yTmnt^^t^n^t. #BiBtt*> -y :ra 4 
oom^T\ ±mmmA 1 t±si5->-;u ki 3 9 

?T*3S^i^S3i!l±j¥±S2 5<)^6jlitltiJ5„ LTS 

[0024] ±gi!5Sffil 4 1 tt. ?^JStt+> -y 7S 4 0 
Ommi^yQoTlKt'^^A I 2 O3 (T'/USlf) fli42lC 
atjtlSo C©A I 2 O3 M4 2ttBu5E<D^-y KS?F*g 

jaii2 4cD±ffliJ¥Ji^*Mi-5o r^T^^-B. A I2 03 

mA2{twM<0A I 2 03 113 3 tmLT^'y Kig? 

i^iSffi2 4%«ifi)c-r%o 

[0 0 2 51 zzv. ti§^v^<om^*mm^z%^7.\d 
i\^7m3 6it.m4 (u/Tx^rtis J: 3 (c. immmt<o'y 

/<;U:?'I13 6tt. Tffi'jaffi4ffi?S3 5©affittj£6^«T 

iii!S5 1 ^ti^So ccDTHfiss 1 tt. ■(jij^a'Tflytm 
«?s 3 5 (ommnnat^^mm 5 . 0 n mas© t a s 

5 1a.!:. £:(7)Ta®5 1 a(OSffitC/£:6^?.KJf2. 0 
nmSMON i Fe®5 1 b tZMmmn^iJ^^\ T 

itis 5 1 commiziit. mximm 1 5 . o n mmmo p 

d P t M nS7-fltRg?*l«S3t1SttS (pinning 
layer) 5 2fi«Mte^t>Ht5tl5o 

[0026] s.ms^ 5 2 omizimmym^n 

(pinned I a y e r) 5 3;!^%S;rtl%. CO) 

s^^mssitts 5 3 it. s.mmB s 2 mmitjKfi^^ 
mxitm-z-tmrn 5 4 «sit±465m 1 mmm 

53 at. mm 5 4(3DSiS(c«S^tl7. 1 SSSKIt 
S 5 3 a .horStCiliiiil 5 4%^^]&€-m2^SS«S 5 

4 b t^«7L«„ *6i^i 5 4tii^j^«-^ 1 ^mm 5 3 

a<Dg!!{t;*li7J^B)c?n*l« c}:l\ ^ 1 ^m^M 5 3a 

•^m 2 m&m 53b i?j^if nji 2 . 0 n mgit© c 

o F e B/iT-«fie?tltlW'<fcl,\ 
[0 0 2 7] ig^«5S1tl 5 3<D«®lCtt. IJIJ^lSm 
Ji2. 8nmSgCDCuT-«fi!65-n5#N?ltt*F^15 5 
C"J Alf KJ* 2 . 0 n mSS© C o F e B ® T'ffifiS? 
*l5SM!l3SaS14JS (free layer) 5 6*M 

sicas^tiSo s*«asttM5 6©aEictt«yA«' 

flSJiS, 0nmgS©TaS5 7fl«as**l«<. TaS 

5 7 ©gSlctt. 1 0 . 0 n mSa© C u S 
•^Si^l 0. Onmjglt<3DAuS<!:t''-3/!:+-t"y:^S 

[0 0 2 8] ^:•5t^■^fcXe>/t/^yl8^3 6■p^i. ffiS 
(cB4a^:b-|J:enSiM^ilttS 5 6 ^imt^pss 
5 5i:©F^lJ:®i«l^iffiBFtt^^?n5o ffl 
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€ 5 5 ^opstc^ 2 mnm b s nmMtti^o tmrn s 

4 S^fiiJSiiflSIf H 5 3 'P<D^ 2 SHiKSS 5 3 b 0)^ 
ST^BKItf pas 5 5 ft^SPgT C iS^T* So 
[0 0 2 91 S8Sl1fffiOg|*aLlCS/-c-3TXt;V/^;b 
^'S-y Fl!l?3 0ti^mflL'r^7.<7 1 30«ffilC|^*^t) 

Mr^X^^I 3A^6fF^-r55SI^©[Rl^(CJ!SU7S*ffliJ 

3i5Stti5 6<Dii{b:&iRittiH]e-r5o zoLT^mm 

littlS 6(DKft:&lRl*«-r5i:. XlfV/^Vb:/~ffi3 
/U Fl 3 9 33<fcU=Tffiyfflffi4S?l 3 5 A^SXlfV/Ob:?' 

ffli3 6ic-bv;^i-3i{6^«iii&?*i«<!:. m^i&tKomtit 

i;T±ffly->-/U F® 3 9 te J:tfTffi««?® 3 56^ 

[0 0 3 0] c©*!:?-. xe>/^/u:^'^'y KIS?3 0T? 
it. ±f J->-;U F® 3 9 fccfctTFffliJffiffii^H 3 5 ©pa 
^-SStlSm-SSti^fiitS 5 4 ^g!i$jSttSo @ 5 tC5^?*l 
i. cfc ^ ic. *6!itJi 5 4 izm^itiZWarsiKfi&trst)-^ 
L°>*-;U5 8CDi!l*TSifi*il5 4^«fc<'m?a)^ill 

3 0THi. 1|3i^coa3illrE6W^^t^5P8i:lll«^e^ S 

*f jsnasttH 5 6 T'ffiiE* nsia^b^iRKOseicis UT 
«i©-tr u'^iUos^b-rs^D^mE^ 

C P P«jgxev/^;U^'\'y K*?3 ottfiS^ESO- 
SOii;®)S^b^5«ei^©«^lc*i^tCmiKf « C 

OTf*. l^t)^^)S^v^>;Hg^5Saffi^«&* (TMR) 

m^irLit^T^fKmitrnxit 1/10 g^ti^-p/cR^ 
•y 3 0 X \fy/^i\yym 3 e * i3i53^jit,- 1 n 

©?KE»M3 7<Dill5m8?WlcfBmtCgSffliJ3S5att 
® 5 6 ®ISEttSiJ«Bl* C i 5o 

[003 1] ;Mtxtfv/^;i/:?A-y f^^-3 oroSig* 
mmm^timt^o mmoiM'j. 7;u5^'y^'SS'5x/\ 
- dH/T^-er-f) (ommizitA 1 2 03 k 3 si^mnttti 

5o COA I 2 03 M3 3±-PTa5->-;l/KS3 2tta 
lfgfiE?tl«o gSt^Tv TSIJ">-;UKS3 2-rSfc-5S 

mm(ommitit. meizm^n^i^oit. mm^o. 0 

n mg^fDA uM6 1 COMtcSS 
fcoT«iJjl«X/'?-y 'J V-?;i*^ffll^6titi«'J:l\ A 

uM6 1 itTrnmrnm^m 3 5©fB«ica6ti5„ ^sl^ 
T A u M 6 1 ©ssicB. 7.yfyi%)\fymz6t m-<o 



m 1 ««8i6 2©jKfiKxe©paitt^*n5, 

[0 0 3 2] 06lc/T^*tl«J:aiCx ig§t^Tmim**Ji 

6 2 ±l::tt. jBS©HiJ y aj L}i5«tcft 6*ifc Uv^X hffi 

6 3*i«jgfi8*n«o mfL^^tyz^)ymmtmmt£ 

ti^ts ig7lE/T^?*l5J:5tCx U5?^hM6 3©SH 

T'S 1 m*i^6 3ttijyBi6*i«o c3 lt« 1 m^m 

6 2tt. ^^©fl?ttl::fe6tifc^2S«ffi6 4icgijy aj 

irtiSc AuM6 iroastciiv ijytiis-tx/j:m2^« 

ffi645ff5*'3ifeCoC r P t®6 5*i^a®*n«„ U 

'jTshme 3i*coc r p tm6 5<D^mmm^-$n 

C3LTJI^©JKtttcSlJfMS-tlf£:lg2S 

«M6 4fc<j;tfCoC r p ti6 5ii. ^JarojiUv m 

[0 0 3 3] ia8lC,T^?tl«J:atJ:s ig!l^TAuK6 1 

±(::u«&«»:i4i8{6 7 ij^wtmrn^nio mmfsste 7 » 

lZlt[y'J7.hm6 8fm0l,Stl^o mXlSR I E 0J7 
'j7-^-J^i!ry:L-j=f-yT) «iS««IISS*ti%t. 09 

7ttijyiX6n«<, C-5 LTl!ife^l3 8t*Sfe^«M6 7 

3 6©«E«3il±i-r^o ^©^. i^i^'zhMe stilus 

[0034] mi o^t:/T^^tl5<i:5^^^ s&^a38±tj: 

ttN i Fe®6 96'!?6lc||)i*n5o COailcSfc 
oT«iJ^«'X/\°-y i; V'9~a)b^ffll^6nn«"<fcl\ c© 
N i F e®6 9©affilCliU>>'X hM7 1 imtilEt^ 

5, z:©u->-;^ hl8l7 1 tt±a5i/-;i/ F® 3 9©jgtt* 

*l5J:3li:. U5;xHl!i7 1©SHTN i FeS6 9tt 

[0 0 3 5] C3LTTffl!im«i«?®3 5. Xtf>/^/U 
7113 6. KESiJiaiffi3 7. *fei!i®3 8fcJ:If±gi5->- 
/U F® 3 9 tlS <!:> Ta5->-/l/ F® 3 2 ©OT 

I 2 03 IS 3 '^IS'imtE^^o TffliJl«?13 
5. Xb°>/SVU7K3 6. 5aE»S3 7. iieitS3 8 
fc<l:l^±HI?->-/UF®3 9ttA 1 2 03 ^3 A\m.mk 
$+15 (15IJ^«12I3#BB) . il^L^cA l2 O3 M3 4 

±tc. ^sn©iiy. K^l»^a.3^'^•y f^?3 i©#^jk 
144^^ -y^MAo 'i>±^mmm 4 1 tiiiisfcaij^fie* 

*lTl^<o C:3L^^fca®lC5t3ioTA I 2 03 M3 4 
lctt¥ia<bW)gS[lS3!>«llffi*tiTt<fcl\ C©¥SfbBf 
li«lSAi«IISIE**iSi:. ±a5->-/UFS3 9©OTttA 
I 2 03 lis 4©^P5TS[lJ-rSCtJt?Tt5o 

[0 0 3 6] fume sommiciotcox. Tmwm 

?Ji3 5©SillEB. mifSi 2l5:/T^*+i«J:5lCs 
HffS. 0nmSlt©Tal7 K Ji»2. Onmgjg 
©N i FeS7 2. mil 5. OnmSg©PdPtM 
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n®7 3fc<t:a-m^2. 0nmSg©CoFeB®7 4 
Xifmtfxm7<^tlio •f-OSSS. CoFeBl? 

4 commimitt^o cosKbsrs-^c o f e b s 7 4 

tcti. OnmggOCoFeBl, Mli2. 8 

nme^(7)CuJi. RJi2. OnmggCCoFeB® 
fc <fctf 5 . 0 n mggcD T a Mt'^miX.^X^WM 
*tl«o TaSroSHlcti. ?6lc. 0. Onm 

ss® c u m'^mm i o . o n msg® a u mtmm 

[0 0 3 7] c:dt^o/i:Xlf>/^>:?A>y K^?3 0© 
mLl5^T^\t. XtfV/^/UyHS 6 |^(C«6)glli 5 4«je 

[0 0 3 8] J.X±©J:3*Xif>/\';U7M3 6«. ^J^ 

15 6. ^M*F^15 5. @^fJ3SfiS1tl5 3. J5® 
5 2 fc<J;tfT a S 5 7 *^*i;^l,>TMte^fc-ti-6tl 

5 5 t<Dmj:itm 1 mwmB f iBtji^^^is. ii^flij^ 
asit/i 5 3 ^^Nsnttfirsji 5 5 t(Dmcitm2m^mB 

5 Q^iHiMflSltS 5 3 1 fe*<i:i;£ 
2 SiifiSttJi 5 3a, 53b (DPS(<:«6li» 5 4 

tiSo i6ii« 5 4 1 mmm 53a o^i^^^Nitt 

*F^15 5*^6llT6tl*Ci:fi<-p*5o Col'^ritcm 
mm 5 4 ti. MiE<!: |pi«lCx m 1 3ii5K14® 5 3a OS® 

[0 0 3 9] El 1 4«*?gB^©m2*S(ifl?WtC«5;^lf 
V/ \";U:?'IS 3 6 a (Dmi^^/T^-To C tV/ K)\^ym 3 

6 a Ti*. mmmmmm s 3 icag7 1 
i^etx^o coai^iu^jg^ii, S3tisiti5 2© 
«Bic/£6^5^ 1 m&^m 7 Sat. cwm 1 siistti 

7 5a tomicmXimm 0 . 8 n meiS© R u ® 7 6 

mis b<omit\mj&tmmizimm s ^m^^n 
imm 5 4 ommcitm 3 susiyittjg 7 5 c e (c 
tt^Trn^o z o LTtmm 5 4 »m 3 ^ssHt^ 75c 

«o CWi:*, #^5814Ji7 5 a~7 5 c ttmtfBIJI 
2. Onmgg©CoFeB^T«Jie*tinifJ:t\ 21 

■5 LfcSS7i "jsjiiso^ffltccfctiif. asfflijssatt 



Ji 5 3 amtis^imm\zm%isix^i&¥k. iua>©x t: 

[0 0 4 0] Ell 5tt*5gW©m3ltSl5fe«lC#«Xlf 

>/^;u^iS3 6 hoiWi^^mto zL(07.^yi^)iym 

6 b T-li. 56i:TaM57 t<r)m\zm 

mmsAb\,tm-ihi^ti^. <ioi--^rdmm5 4b\,t 
mxmmm:'mmiEti^^fiii\ mmm 5 4 b i*g 

S«|iJ3S5S14ii5 6a)^>ST-?NB214*F^15 5A^6I1T6 
tl5Ci:/)'<T-*«o HOtl^. ll^«)Sttl5 3-^g 

a«jsi4s 5 6 (Dmmit^^mxit 2 . 0 n mesic 

S^?tl+ltt'd;L\ LfcXt°>/\Vl/7M3 6 blEd: 
=hl#. HacOXtfV/\'/U:?'|g3 6, 3 6aill«lC. i 

jajn$fbfi«ll3S*n5Ci:fi«T'*S, 

[0041] mmisut. mxa^mmmmms en 
mmimmB^-^ti^mm 2 . 0 n mmm<o f e 2 03 

m^Ji^XfA I 2 O3 Ji-P«^**l*x««tl\ 

It. mm'^mms 6(Dmmmz=j'^y/mcmmts 
mTHS^m^mm 5 erosETmsrs^giteii 

7X?©MI!Alcife3ioTs i g^ffiiJSSiittS 5 6 <D«Elc 
mMf8g)i2. 0nm@lS(DCu52$J:tfffilJ¥1. On 
mSSroT a S tt^ofcaB8fbS)a«fi!6K*tiTt. J:t% 
[0 0 4 2] C<DS3jlS(lfl5«lTtt, BuJEOXtrv/^/U 

:7/a3 6 a tmaiic, n^ny^sKitji 5 3 izmyx y 

Its 5 2 OSffilcjES^sm 1 5iiSttJi 7 5 d i:> crom 
1 7 5 d <!:OF^{c15iJ;^B-^/i 0. 8 n mSg(7) 

R u ® 7 6 ^JlE^i^tJ^ 2 ?i?Sttl 7 5 e i ^mX^o 
W, 1 SKttl 7 5 d mmmm 2 . O n mSScD C o 
F e BlTfllfi)6*+l*l«"cfcl\ 't(D-:fjT\ m2?SlKtt 
)17 5e(im«MJI2. 5nmgJg©CoFeBlT- 

ti^m^. m&mm/itm 5 3 icmmcc of esmt^ 

Ctfl^T'tSo tct£U @^filjaiSS1tS5 3t£ttjg^rL 

[0 0 4 3] zLOimsmmmmTit. 01 5*^6^5*^ 

^J: 3 (c. i 5 6 5 4b ^(DPStt 
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'm^HX^i^oiZ. C:5lvofcCul7 7BSSfl|iJSlS£ 
mse (D^mtl H c «+»lcS46« C: t tf^T'^So « 

fc. mm 5 A bit. m?nm i e icm* *i« j: 5 

gS1liiJ3aSSttl5 6*l;:jgfie?tiT'bJ:t\ c•5t^oft 

i^i^js 5 4 b »s 1 j:tf m 2 5 6 

a . 5 6 b lCj3l53^Ji.^n«g!^btlM7«lfiE*tin{f J: 
l-\ ilfei^S 5 4 b l*m 1 SSBSttM 5 6a (Dff^T'^m^ 
*F^S5 5fr6llT6n«s:i:6^T-#«o ir©<!:^. m 

1 fccti^m 2 siisstts 5 6a. 56b o^mmit^^ 2 . 

OnmSJtlciaS*tltl«<};L\ ilS«5Stt®5 3© 
mmiim?Hi 2 . O n mSStcSS^titHf J; L\ 
[0 0 4 4] Ell 7tt*f8^©m4||]ifl?J|(t«5Xlf 

6 c T-ttv SgSE© J: 5 icSSfflimJittS 5 3 * tc}^^? 
*15«6»S5 41!:JJDAT, SaffliJ3Sl8tta5 6tTal 

5 7 ^(7)ia(cit&M» 5 4 c lyt^^i&stiSo lu^^nii 
(c. mm 5 4 tt@^«y3ti»iiji 5 3 3 

7 9 c<oyt-ST?*aStt*Sll5 56^6|iBT6n5Clt«« 

^o-i5X\ mms A cit^mmmms 

6 roi>fiTINl^1t*F^S 5 5 A^6 PIT C 

c:aLfcxev/^Vb:?~K3 6 ctcj:ti«\ Mai©x 

ev/^vu^'Bse. 3 6a. 3 6bmmz. nmm 

[0045] «feliJi54ctt. BUiEflD*feliW5 4billl 
5ffiiJS2, Onmait<DFe2 O3 Sfccfct^A I 2 O3 

5 6 (Dmmk\,z9^ yi mzm.miST.mxiE^x'^ a 

«lSttl5 60SSlCttiE{b%lM6«*tl5„ 

^mmmmseommizmx'.mw.i. on 

mg^(DCuSJ5j:tfMJi1. Onmg)g<DTaMit^ 

[0 0 4 6] mz. z.aMAmimm\z^^7.\^yi%i\, 

<mm 54. 5 4c ©F5■p^,^blsDSX'^+a7-|!£a 
It. S SffliJStJlttJi 5 6 l?5tlE* tlS«Bl^b7& iRlltiS 



5 6 tmm 5 4c ^(DP^ICMS 
©e^jiilfrH-r«:t3-5C uS7 7im3f>Lt^tlX^^ 

[ 0 0 4 7 ] 0 2 0 tt*flW©g 5 msm\Z%^7.\f. 

y/Ob:?'IS3 6d®«f5i«5^-ro c©xtv/^;P:fiS3 
Tim 5 1 . jsMTmm s 2. m^m 5 4s»E3^a> 

tJBl^ffliJ3SiiS14l 5 3. #^fiai4*F^Ji 5 5 33J:t/SfttJ 
5 6 *i^|iSSi::S?f±tf 6tiSo iifeigtS 5 4 lid 
^fiySMSStt® 5 3 ^(Om 3 7 9 c <D^VSf?^iia 

ttW^Ji 5 5 6 PIT 5 *15 s: i: A'^T'^ 5o 
[0 0 4 8] LA^tv C©SS«lSttl5 6±lCtt. 

^pS3tit4>{ss 7 8 . s^ffiijsiiiiiii 7 9 . s.mmB 8 
0 fe^j:tf T a 1 5 7 mmizmti^t>^^tiio iMo 
sisKiti 5 6 t$mmm 7 s ^a}rs(<:tt. Mai^ii 
m^z^s^mnmBF1mm■^*l^c ^<o-^x. mm 
mtm 7 9 t$m/&'i>mm 7 s ^0!>rs(cttm2«^a 

[0 0 4 9] zLcomsmmmmxu. wMtmrnz. m 
m^mm 7 9 izmyx sjg^i^ffliNStiSo c 
corny X 'jmmma. ?m*F^« 7 s (^shic/e*^ 

^T. «iiJ;^«'aST-*6iSi/i 5 4 d 5glt±A6«m 1 3t5S 
eji7 9atv *6iit®5 4d©«Slt«Jiir*XT. SI 
SSffittS 7 9a troF^tcS&ifel 5 4 d ^tt^Jifem 2 31 
581417 9 biSfiiASo il5LTJ6iSiS5 4d«mi 
3SflSttH7 9 afl)^fi-p#BKtt*lglJi7 86^6|iST6*l 
5c:i:)««-^*«o COi*. *6»Ji5 4dtt«iJjll#^1 
SHIittl 7 9a 0DK{b«l!S7-mfi8* ntiarj:t\ m 2 311 
SSttl 7 9b O^ffitCttUy jlttlSW 0 . 8 n mSSO R 
u S 7 6 tlSo R u S 7 6 (OmMKim 3 

ffii7 9 c*^5-6lcW®Jtl§„ SgiifiSttl7 9 a~7 
9 c {*15iJ^«miI 2 . 0 n mmmo C o F e B MXmiS. 

8 0 l*Hua?C0?f5Stt*f^® 5 5 ^J53Siltt® 5 2 

[00 50] C 3 L/cX 3 6 d IC cl:*l«\ 

Ma?<^Xb°V/^VU^ffi3 6. 36a~36c tmmiz. 
gifMSSttJi 5 6T-5S3i*ti5lSfb:&[pilcjSL:T:*:* 

affigi^ibMttiiii?*i«2:<!:6^T-^5o ftz-cL. mm 
tmnz. mmmmmss. 7 9icttjg>-rLtaji 

[0 0 5 1 ] 02 1 tt*fl«S®m6IIS!JB«lC«5Xe 

v/0b7ll3 6e©«jg«/T^-ro c®xevy«;i/:fffil3 

6eT'tt. tuai<0S5liaiJi5«llJ:«5XtfV/t/U:flfi3 
6 d 7'i AfiiJ3ilSS1tM 5 6 ct>(tT^ 6 5 4 e A'^Jl^ 

mtn^o z. o i^^rcmm s 4 e nmTLifrnmrnx 
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tltllf tmm 5 4 e tt#3S8S14S 5 6a. 
5 6b ©^fi-^§#HKtt*F5Ji 55. 786'*6llT6tl 
«Ci!t>«T'*5o COi*. 3S!K14)i5 6a. 5 6 b© 
mmit^^2. OnmiSmEi8^*n*l(#*L\ 

[0 0 5 2] coLrc7.ifyjKiv7m3 eeiz^nis. 

ijSE<^)XI:fV/\VU:?'K3 6. 3 6a~3 6di:(5H^tC. 

5 6T-5liz:3-ns5S<k?^iRilciSUT:^* 

d . 5 4 e (OfS'^. imm 5 4 e . 5 4 ® HTt^tof*^ 

[0053] mitmt. m?ntf^ i mmm 5 6 a o 

«®lcmiffM?tl5liff2. OnmSlt©Fe2 03 
S33J;t?A I2 03 lTliJ5!6*tl*l«\tl\ Zol^otc 

iz. m 1 5 6a (Dis.mmc^^yjmzmmii 

mfHtm 1 SUSSIil 5 6a OSS^SHbigliS^^ltSz: 

-To -^(Digm. m 1 mmm sea omizimm^ 

5Xv©»AtcJt3ioTx m 1 SSKttS 5 6a 
«!l^«mJS2. OnmSJt©CuJifcJ:tflBi/I1. On 

[0 0 5 4] ^etCSfc, i:(7)m6«SSfl5J8T«> EI2 
2 tC^? *15 cfc 7 (C. g SiJ3iK141 5 6 *T-§3tSStt 
S5 6a. 5 6bi:iSeiSS5 4ei:©F^lC^tlf''tli^^ 
S»fJiTSfc-6CuS7 7 6^fil53;^ii^tlTtcfel\ ^® 

3.79 iziiiis.tL'^mmy x u«sM6'«fflL^5*i5«^ 

[0 0 5 5] IS2 3tt4:$l^a)£7llfii}^|g(<:^«Xl:f 
y/OU:?^li3 6f©fil3i:£g^-ro coxtfv/^/u:/ji3 

6ftt. ±T-\noix[^ynii^7!sn^s.m&m^^ 

tZT:L7lVXk^yj^ll:l^mizmm^*i^o f^rb-s. 
Tift^5 1©SMC. gaffliJ3ii5SttM5 6, #NlKtt*P^ 

^55. m^m^mm 5 3 fccttf jgssistt^ 5 2 ««« 

;^l,^T-Bfe^^D-Hr6ti5„ eft«BSttS5 6*lctt«fe 
ilM 5 4 f fiSJg^S+lSo C V l^^tctmm 5 4 f tt. 

m 1 ^j^zfm 2 ^m^m sea. seb izms^ih 



2mmm s e b(o-f^^-^mm.'p?sm s s jb^snre 

mctt^T'i^^o CWt^x lllJJJ:tf«2?SSSttl 
5 6 a. 5 6b©ia^tt§'<?2. 0 n meStCS^* tl 

[0056] @£ffilJ!SfiS1f M 5 3 (C»ffiS7 1 U 

5 5 ommizjLit'^?>m ^ sssstti 7 s d i 

7 5 d t(D?SlzmXim9 0 . 8 n mSS© R u 
® 7 6 ^SE^^JAtf^ 2 SiSSttl 7 5 e t^mX*Hi^ 
l\ m 1 3i5S14S 7 5 d t4<5ijK.«')SJi 2 . 5 n mg^© 
CoFeBl7-«ifi)6S-tin«J;i\ t(0-l5T\ ^231 
JSttS 7 5 e ItmXimm 2 . O n mSSO C o F e B 

3iiS&1£15 3(c»iKS-rL%«fl7x<J«^]l;b^^i^eti 

[0 0 5 7] c®x tv/«;u:/iS3 6 f Ttt, s.m& 

Ji5 2±(«:. ll^tJ!i|«l1£18 3. l^«K1t^PS)i8 4s 
g*f J3t58tt)i 8 5 33d:t/T a ® 5 7 ft^llS{C«S^±tf 

F^18 4<i:CDF5kttmi^^®BF*^^l^?tlSo 11^ 

mmim b 3 t^a^F^s a 4 i: (D?sizm 2 ^wh 

[0 0 5 8] ^mmmm8 5tJam5 7t(Drsiz 
itimm 5 4 g Atflfaf j^^+iSo c ^ o tcmmm 5 4 

MigilRl^lC. mm2. 0nmSg(^Fe2 O3 
aT'«B)t*tl*l«*L\ Fe2 O3 Htt^J^B"X/\°>y ^ 
'J V^^a-paiJKfig* titiHfd:L\ C -5 LTHfiiBUi 5 4 

g»SM^sKits8 soft^T'tmt'pmmsitfe, 

Pi5T6n5s:i:fi«T'$5o C<7)t*. iSffi!iaK14S8 

5 (ommim?nt 2. on mggicia^* titusf J:t\ 
cf'Fsi 8 A\tmm<om&it'prsm s s trnm^zm 

[0 0 5 9] coti^. m^m^mm8 3izimmy 

m&'&M5 2(Dm.m^zm^m^^mm7 5dt. c 

(Dm 1 5S5Sttl 7 5 d t cDF^lCfilJ^SmJI 0 . 8 n mS 

JgflDR u^7 6:&SI{^Ji&m23t!Sttl7 5 e t^fii^ 

tllf m 1 SSUtt® 7 5 d li«iJ^«"IS^ 2 . 0 n m 

agOCoFeBJiTifS^?nn«cl:l\ 

m 2 ^SSItJi 7 5 e tt«iJ^«-|S)P 2 . 5 n mgg© C o 

F e BJiT«i^*titilf J:l.\ tcliU mi&tmSAz. 

m^mm^ s 3 izimtL>h^sy x u^iitis^y^ffi 

LfcXl^>/t;b:fJS3 6 f 
Wa50)7.tfV/\*;U7ffi3 6, 3 6a~36ei: 

mmiz. ^mmm&nBse. 8 si^^iLtEmmit^ 
mzs5 cT^^ummitmimm-sti^ c ifi^T** 
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[0 0 6 0] J.X±®J:d%C P P<i)tXt^v/^;U:^^-y 

oTi 6ffii®xey/^;u:?'l8«4fflit#tifco im (a 
1) icfissxtfv/i:/u^'\y Kss^ictt. mizmtsti 

63{>«i|i3,sii«nfc, (bi) tc«5Xtfv/^;u:/'s 
K«?tctt. 01 4(c,T^?ti«j:aic. mv&oimim 

[006 1] KHi* (c 1) ~ (c4) lc^5Xtf>/^;b 

7m3 6bm3i-j2^^ntco tctcU Un (c d t- 
it. 01 5lOT^3-ti«<!:^te:^ JgiBtSS 4 bcDM^S 
fcoT. iSffliJ?SfiSttS5 6(7)SElCl*X/\°-yS! 
SSTF 6 2 03 Jii5<J;tf A I 2 03 Ift^fS/lJtlfCo $ 
tc. Un (c2) Tiiv J6!gtH5 4b©J^figl£SfcoT 

ic. sW4 (c3) T'tt, «&iB»5 4b©JgfiKlC»fcoT 

^mmmtm s 6(D«iB»iiii:^7X7(ciii;rn/-co 

iM^SKIfl 5 6 ^«6l|l»Ji 5 4 b ^ 
(^HtCC ul7 7(4i*^3i«n«:*^o/-Co ?6tC*fc» 

Ksf* (c4) HI eics^^tiScfcatCs mmms 

4 b i J5filKttJi 5 6 ^Itmib'^tntco Z <DiS&» 
Ji5 4b<DfgRElJ:$/coT. mi3ilKttl5 6a®«® 
tt«X/\°'y^';>'?-^TF 62 03 ®JjJ:lfA I 2 O3 

[0 0 6 2] Hi|S4 (d 1) ~ (d4) iC^SXtV/N';!/ 

7IS3 6 cfl«ffl*aS*lfc. fc/£U Si^ (d 1) 7- 

tt. 01 7 ti^s J: ^ «6iiiJi 5 4c (r>mmic& 

•STF 6 2 03 m'^ii^K 1 2 03 jifl««s**ifco $ 
/•c, fitiis4 (d2) wms c<mm.-s>tcr>x 

gS«5Sttl5 6<DSEttKS*'7.(Cll?*lfto ?6 
IC. (d3) T-tt. iii6iSil5 4c(D»c»/i:oT 
@SiJ3S?Stt® 5 6©«E«K^77X7lcg3-nfc„ 
L^-rti«DJi^lc'tga«K141 5 6 5 4 c i: 

©F^ICC ul7 7lS:Sl55f^ji$tl%*^-;>fto ?eiCS/c, 
Kit!4 (d4) 01 9lc,7^*tiSJ;-5tc. SSiJ?i 
SSe^ 5 6 iiilfei^S 5 4c i:<7)F^lCig^)iBT§-rSti-6 
C u M 7 7 Atgtfti^iiS+lfco COi: $x SfeJi^ 5 4c© 
JKfiElCftfcoTs C uJi7 7±lCttX/t'y4i 'JV-J^Sr 
F 62 03 S*iJ:lf A 1 2 03 Sifii^aJi^tifco 

[0 0 6 3] ^SlC^fc. iW (el) lc^5Xfcf>/\* 
;U7^<> KiS^lctt. 02OlC3^**i«J:dlE. Mas© 
S5IIS(!!fl5«{«:|K5Xl^>/0U:?'IS3 6 dA^a^aStl 

fco nmz. las (f 1) ~ (f 4) m^^xifv/^^b 

7li3 6e6^i|i3^ii^tlfc„ ftfcU Kil^ (f 1) T' 
tt. 02 1 \ZiF.lEic\.^i.r)\z. iSfeSi^5 4 Qommath 

tc-ox. mmm sea <nmm\.z\txiiv9') y<f^x 



F 62 03 m^axfk 1 2 03 mtm§-^Mco ^tc. 

tm (f 2) *&l«yi5 4e©JKfietC»fcoT3S5a 
( f 3) »&«Mi5 4 e©^^(c£fco73SSS1£l 

5 6a©ais«i6iis:r7X7icis*nyco i^tnm^ 
iz>kmmm 5 6a. 56b 5 4 e tom^z C 

uJi7 7««*i5A$tl&6^^fco JSlcS/c. Un if 
4) T-li. 02 2lc5=x*tl5J:3tc. S3iS5S14S5 6 
a . 5 6 b .tilfiiiSli 5 4 e t ©F^ttig^jg»r®-r&^D-6 
Cu®7 7*i^}3)E^ji$*lfco il©<!:^s *&atl5 4e© 
f?MtC$fcoT. C u®7 7±lCliX/\°>y^ iJV-?'-^? 
F 62 03 lfcd;tf A I 2 03 JlA^«l?tVfCo fiP^ 

T. (g 1 ) ic^^Xbfv/^yU^'S'y KiR^^lctt. 
02 3lc5^?n5<fc9l!:s BUji©^7ll«0gJgl<:^«X 

[0 0 6 4] c©llj|||Ttt4fei©ij:^JA'(ffi«;rti 

Tcc (a 0) m^xi^ymy^'y m^xitm 

m<om^ (a 1) A'6«6«»Ji5 4A^IKUI»]b'tl/-Co @^ 

mm/\tm5 3(Dmmii^. s nmizwL^stirc m 

(bO) lc««;^tfv/t;l/:?^'S'y K«?T'ttBuai©sm 

(bi) is'S^^&mms 43mvm-^titco cot^. ?n 
^e*r^i 5 5 izi^Mt^^m^imomm^t 2 . s lu m 

IciSS^tlfco (eO) t<:«SXt:>/^VU7A«y F 
^?T14MiE©K*4 (el) *^6!|feiiil 5 4. 5 4d*^ 

m V m-^ntc. Hm^'pfsm 5 5.78 iz^mt^^m 

tt®©fliJf«§'!7 2. 5MmtCi9^5-tl/i:o M 
m (gO) (C«^^Xt°V/SVU7^-y K^?TttijizE©ia 
14 (g 1 ) f^e>mmM 5 4 f . 5 4 g *^?X U A^tlfc= 
e:dL/-cll38©«gS. [«1] ~ [a4] AM#6*ifc= 
[0065] 

[ai] 





(aO) 


(a1) 


EmQiUm^] 


0.32 


0.62 



[00 6 6] 



[^2] 





(bO) 


(b1) 




[mOHm^] 


0.49 


0.84 






(c1) 


(c2) 


(c3) 


tc4) 


CmO/im"] 




23.81 


0.86 


15.92 


23.62 






(d1) 


(cl2) 


<d3) 


(d4) 


[mQ/im*] 




7Z01 


323 


43.75 


72.74 



[0067] 
[S3] 
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(eO) 


(e1) 






3.34 


6,38 






(f1) 


(f2) 


(f3) 


(f4) 






6532 


7.18 


40.54 


66.74 



[0068] 
[S4] 





(gO) 


(g1) 




2.26 


29.26 



[0069] [SI] ~ [S4] 6^e^66^Scfc-5tC. 
«6iSiS6^l^6^*lfc6m (aO) . (bO). (eO)*3 
J:tf (gO) tcJt'^Tim (a 1) . (b1). (c 
1) ~ (c4) . (el), (f 1) ~ (f 4) fcJ:tJ= 

(g 1) T'tt*(Bl!:i!l?-9--fXl. Ojum2 l^©fiK^ 
<b«ARttli:fcLfco ■?-0*SIR. *6«SH5 4s 5 4b~ 
5 4 gO»AtC«^*Xev/t;U:?'^'y K^?3 OtOfflc 

tnmttARitii:kt^z.tmmi[tin:o mm 

(c 1) . (c4) . (d 1) ^ (cl4) . (f 1) 33 
J:t>' (f 4) £DJ:ai::, X/N'-y-S^'J V-?'S5^fflt^TF e 

2 03 ifcctif A 1 2 03 mti^-oTcmimmmm^ 

ntcXify/Kl\^7^'y K^?3 0T-l*. MmilX<omX 

^fiKJtifto LA^t. (d 1} ~ (d4) toiilfU 
n (f 1) ~ (f 4) <)^6W63!)^S:J:5lCs 
ttH5 3. 7 9*03S8attJi5 3b. 7 9aT#lK1t* 
PaSSSx 7 8*^6PST6*lfcS6!iW5 4, 5 4di:. 
SftffiiMQSItJf 5 6. 5 6 a. 5 6 b-^^m^tpmB 5 
5. 7 8fi^6PHT6*l/-c«fiSi«5 4c. S^et^m^ 
Kl!l?3 0Ttt»L<Jgj5i^ 

[0 0 7 0] 58W#«HuiE©K*^ (b1) T-M 

mmmxmito. 2 [seem] (cis^*nfc„ 

il2 4 (a) (b) lOT^3-*x:5<J:3lc. SE^bB^r^ 

AM 00 [s] ^m7L^t^l^t&m.mtiAR^MRtk 

[007 1] * 6lC$fc. Sg^«ttBUxE©gt«^ (c 1) 

vtmrn 5 4 bflDffifft 1 iu m2 ^(om.mR'i'mM 
itmARtnmmmiLrc, mis (a) fcj:^ 

(b) lc:/T^**i«J:-5l!:. imms Abommt^3. 0 
n mfciS^StlS tmmitmA R R Jttt«*fil 

[0 0 7 2] *6lC$/i:. ?gB.«#«HUa!©iJi|S^ (c2) 
7-^<bB$F^-rSt)-B^S«'X<D»AJf^l^F^i: 1 Mm2 
BeroSSifii R -^fficSt^fb* A R t(Dm%^^ Lfc„ d 
S?^©»AMttO. 2 [seem] icfS^Stl 
fc„ 112 6 (a) fcJ:i; (b) lt5^x*ti«J:dlc. ffi^b 



I^F^6M0 0 [s] ^mXit^l^mtnMitmAR^M 

[0 0 7 3] iioiz^rc. siw#ttiisE©tm (c3) 

■?iMblitPa-r«:t)-61SS!i:^7X?®®ffljtilSgl^F5i: 1 m 
m2 l^oatBifflR^fiSiiE^bfiARiOM^S^ilL 
/-Co Z<Dt^. KJSEttl. 0 [Pa] Itia^^tlfcc 
02 7 (a) ^aXf (b) lOT^^tl^cfcdlC. KfbPfF^ 
t^SOO [s] *@^^<!:Sl^Jgi5xS^bMARliiifig* 
nSdtftWSnfc^ lEibB^F^A^BOO [s] (tS^ 

[0 0 7 4] i-StC^/c. ^P^#l*Hua5(7)M!|!* (d1) 
5 4c (Ommt 1 M m2 B$©SEfiifilR -^StfiiS 
jb«ARi:<DH^^«ISEU/i:, 122 8 (a) 
(b) iZmttl^Hvic. fmB5 4c<Dmmi^3. 0 

nmKWt^i^ti^t. wsmtmAR'^'MRmm^m 

[0 0 7 5] ^SlCSfc. 5IW«tt«5ji<DHi|i4 (d2) 

x^mmf[ijm2 m>mimR'i>mmitm^Rt 
(Dm^^mELtco m.m(Dm\m.ito. 2 

[seem] iclS^^+lfco E129 (a) S5,J:t; (b) 

icTj^i^ii^iz. mmm^^ 0 0 [s] ^is^si 

iSl-^fifixSfb«A R-^M R J±«ll^?ti5 c i:*'<5tiS* 
[0 0 7 6] jeiCSfc. ^0.^#(*Bua5©Kif4 (d3) 

<mmmmt 1 /im2 Pfoj&m^R-^jgm^bSA 

Rt<om%^^Lrcc Z<Ot^. BSgEttl. 0 [P 
a] iCiaSStlfco 03 0 (a) fcitf (b) izm-iti 
5 J: etc. SMbl^F^««3 0 0 [s] ^mX^tmi^l&tn. 

mtmARiimmi*\%ztifm.i*irco mmmt'^ 
300 [s] itm^-^ti?>t. NiRmtm±m^mtii 

[0 0 7 7] ^6tC. mmmitwMCOUm (d4) 7« 

^is»i^-r&to^ c u s 7 7 ommtmtnmtmA r t 

<Dm%^mS.Lrco ^©!e*> EIBI (a) 6^6R«e*^ 
S J; 3 (c. C P P i^jgx tf V/ ^VUT'A 3 07- 

tt. c u 1 7 7 ommizm^ 6 f -^offistie^bfiA r 
itmm^ti^ctmmttirco L*^t. cu®7 7© 
fs^3bM. onm^sx^^s ^mmm^mseou 

mrrjiib-&cuB7 7mmtmwitirc mt. cu 

B7 7 (Ommit 2. On mJX±t;:ta^* C i 

[0 0 7 8] ^0D-3^-^s ««Jx.lf03 1 (b) iCS^^tl 
Scfc^lC. ^,^to(*5C I P (e u r r e n t in-t 
h e-p I a n e) «JiXlf>/^Vb:^A'y F^^T'l*. 

»t^ibfiARttji'i^LTLSa« Z<DC i P^JgXfcfV 

/\*;u:?'^-y HWT'tt. mmoimv. mTHsm^oT^ 



(11) 



1^112 0 0 2-1 577 1 1 



->-;!/ Kl 3 2±lC«S?tl5?flKttii©gffilC»-pT 
il»6Xev/<;l/7ll3 6 c mSf'jLtS 1 *t<Dliffi4S 

[0 0 7 9] SeicSfc. 5gP^#ttHuSE<DK!|S4 (f D 
■Z-Hmm 5 4 e fflUg i: 1 p m2 BfCDJifiifflR-^gSiS 
ib*ARi:OM0^?«IELfco 1113 2 (a) ^j:Zf 

(b) «&iiil5 4e<7)MW6'i3. 0 

[0 0 8 0] mmm^mmoiun (f 3) 

T-StJlttl 5 6a ©SHbHtF^-rSfc-BKiHr^Xvoai 

mlmfst^^J^m2 ^om.mR'cmtnmtmLRt 

Oi^m^Ltc. cot*. KHsEttl. 0 [Pa] 
IcK^Jtifco 03 3 (a) fcj:tf (b) ics^^nsJ: 
5 IE. i!Hbl^fSA^3 0 0 [s] iz^^-iUxit. miSl 
fbfiA R 33 JjtfM Ribtttta^fflS/Tv-r C i:««5SI8*ti 

[008 1] J.X±<0J;3S«6Sil5 4. 5 4b~ 

5 4 g tt. 'j^^ < i: t, 2 iaJiU±07cl!l<)^6^:S<b^ 
«^46ttJ:t\ C7L^ordb#*l!lKtt, Bu3SOIWk!ia© 

B*\ s<b!|«j^^ib*s 5iiaib!|*fl«$s*i5ct!a«-p$ 

[0082] (#fB 1 ) S AfflM>«Bi1tJi<!:. ^ 1 m 

m-^^mmm!m\timtum/&^mmt. m2% 

^SCtSlfSti-rsc P PSI3gxtfv/0U:?^^y h% 

[0 0 8 3] (fvtE2) I^EllClBieOCPPSIiiX 

[0 0 8 4] (#133) mmtimoQP pm&T. 

[0 0 8 5] (WfB4) <^tiB1^^:IB«<^CPP«igX 

[0 0 8 6] («iB5) iMJssstt^ts m 1 

Ti^ZLt^fmtr^c P PSIjixifv/^/U:?''\'y Ko 
[0 0 8 7] (#fB6) #fB5ttgB«©CPPffijtX 

tf>/^VU:?A-y FtcfclNT. tulB^g^ttv '>«:<i:'£, 

2 aaa)7LiS)b^6 %«<b^!|«a^^t.- c i^l^^iir s c 
PP^^Jgxtfv/WU^'N'y Ko 

[0 0 8 8] (^^ff37) {^i36lCfBe©C P PSIjgX 

\fyniW^"j K^^fcL^T. lufB<k^*ttiHbtiT»« 



ct^if^frsc p p«iiixi^>/</i/7'\'> Ko 

[0 0 8 9] (fxflBS) f^i35lClB«©CPP«|ji^ 
tfv/\';l/:f's«y K^cfct^T. lulB«6»ltt 1 *t®iMiJ 

tf>MVl/:?A-y Ko 

[0 0 9 0] (^^ti39) #fB5lCf3«<DC P p«ji;^ 
IfV/^Vl/^'A-y KtcfcUNTs tulBll^«5attlT-M!B 

^1$^<i:-r«C P Pfi!5gXlf >/\-;U7^-y Ko 
[009 1] ({^tlB 1 0) <^^I39 ICIBKCDC P P«5i 

1 2aScD7ci^3!)^e^^fb^%5^trc: ii^itmi-rs 
cpp«ii:;^ev/«;i/7'\'y Ko 

[0 0 9 2] (f>flB 1 1) f^lB 1 0 tClBtgCDC P P^ 
3g;^tV/^/U^'\y KlciiU^Tx MSB^b^«»SKb!|aT' 

&izt^mAtt^c p p«Jtxfcfv/t/u:?^/sy Ko 

[0 0 9 3] (l^ffi 1 2) f*IB9 iCfBIEOC P P«ig 
7.t^V/\VI/:?^'\'y KlcfcW. BuSB*6iBWW 1 

xev/\";u:fA'y Ko 

[0094] 

f>/^Vl/:?-K<!:l^;^^as»T-5illtt:*:*SSfiiSfbl 

mmmmmm] 

[01] /N-Kx-rX^'ffiililS (HDD) <D«jg!£ 
illi8«lC/T^-r¥iB0TS«o 
[02] -^ft:«IJlcfiJ55?±^y KX^'T 

m 3 ] j¥±ffi-pa«*tl«a*ffl LW^TLSf^'y K 
©«?«5^-rtfi*iEffl0T'»5o 
[0 4 ] *^B^0^ 1 1ISfiJK8lic^5 X >y 

[US] $6^®(7)®?^.T^-rffil^0T£§o 
[06] Xtrv/^/l/^'N-y KS^roKii^Slc^Sti 
^ 1 Xli^m-rSI5»llftE0T-£5o 

m7] xtfv/\vu7^'y K*?o5i<ji?&^ic§$ti 
5 1 is^5^-ra5»»rE0r««o 

[08] X tf yy ^^U^'s-y K«?©tHii*^tc$«*i 
5 1 XS^g^-rgP»ll[rjS0T'S«o 

[09] xi^yj^)\^7^'y h'm^<osm.^mz^iin 

5 1 IffiS/T^-ra5»Br®0-P»«, 

[010] 7,iiym-^^y K^?©iiiig*aic^$ 

1 IiS*/T^-rSI5»Bfffl0T'»So 

[011] xk^y/Xiizr^y m^<ow^mit'§^ 

[H 1 2 ] XtfV/\VU7ffilci|i*')i$ti5il6iii®©Jg 
fi£xS*mWlCg^xT«J:*:gP»»rffi07£So 

[013] m^ mmmm<D-mpMiz%^7.\:^yj^i\, 
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[Ell 4] ti^m(om2mimmiz%^xify/Kii,7 

[015] *5IW<Dm3Slffifl5!gH:«6«XtfV/^/U:/ 

[0161 m 3 mmmoi^mmimi7.\:^yj ^ji 
[017] :^^m(Dm4mmmmim%x\:^yj^)i:f 

[018] 7.^+ a 5 -ffiif<DiliS^g^-rffil^07-3B 

[019] m4IIS!5JKJll<D-aEJB«IJlC«SXIfV/t;b 
:?-)S0«ii^5^-ra;:A:ffliJE0T-$So 

[02 0] :^mmcom5mmBmizmx\^yniv7 

[021] *5IWOS6||Slifl5!glc^5Xe>/«;Uy 

IS(D^$^-r«;^«iJ907$^. 
[022] me bf >y 

[02 3] :^^mom7mmmwnt%i7.if>/'ii\^7 
^©«ii«/T-ra;*ffliM07'«5o 
[024] ( b 1 ) m^7.\^yni\^:^^y m 

?T\ (a) iES!l3?HSCTOK{bB$F^<!:}ai5ifilfcJ:lffi 

mmitmtom. ts^xf (b) M^s^H^T^sKbi^ 

[02 5] fit*4 (c 1 ) ic^SXtfV/^Vl/^'N-y 
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